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Abstract
This study was motivated by the differences in manufacturing settings, which provide
challenges for those organizations undertaking a lean implementation. The levels of applicability
of sixteen lean tools were examined in three different manufacturing settings: a job shop, a batch
shop, and an assembly line. Specifically, this study explored the perceptions of managers
familiar with lean regarding which lean tools were associated with better operational
performance. The level of satisfaction with the lean programs in each of the three manufacturing
settings was explored as well. The data were collected through a survey that was emailed to one
thousand managers working in manufacturing companies located in the US.
The results revealed that different lean tools are used at different levels in the three
manufacturing settings, and the lean tools contributing most to the group differences were
Heijunka (HEIJ), Just in Time (JIT) and Kaizen (KAIZ). The analysis revealed statistically
significant positive relationships between the perceived operational performance of firms in job
shop and batch shop settings and the implementation of Workers Involvement (WINV) and Muda
Elimination (MUDA) lean tools. Assembly line settings had statistically significant positive
relationships with the implementation of Standardized Work (STANDW) and Value Stream
Mapping (VSM). The results highlighted the importance of Workers Involvement (WINV),
which is consistent with prior work.
The managers’ satisfaction with the lean program was most associated with the
implementation of Heijunka (HEIJ) in a job shop setting, Workers Involvement (WINV) in a
batch shop setting, and Continuous Flow (CONTFL) in an assembly line setting. This study
presents a decision-making model which can be helpful in the successful implementation of the
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lean paradigm in each of the three manufacturing settings. A number of recommendations for
future research are proposed.
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Chapter 1: Introduction and Background
Lean production is applicable in a variety of business contexts (Hong et al., 2010). The
goal of lean was defined by Kim et al. (2006, p. 195) as “….transforming waste into value from
the customer’s perspective” and by Shah and Ward (2007) as eliminating waste by reducing
variability of supply, processing time, and demand. The lean approach is “…a principle-based
system of management whose objective is to change the way all work activities are performed,
not just those in operations” (Emiliani & Stec, 2005, p. 384). However, the benefits of
implementing lean may vary based on an individual organization’s settings and goals
(Mackelprang & Nair, 2010). Many companies are willing to implement lean manufacturing
because of the improved competitive advantage, but creating a lean success trajectory is a
difficult process because of the uniqueness of each lean implementation (Lewis, 2000).
“Only 2 percent of companies who began a lean transformation have fully achieved their
objectives” (Pay, 2008, p. 1).
The lean tools, supporting lean implementations, are Just in Time, Continuous Flow,
Heijunka, Quick Set Up, Jidoka, Poke-Yoke, Andon, Standardized Work, the Five S’s, Total
Productive Maintenance, Visual Management, Kaizen, Multifunctional Teams, Workers
Involvement, Value Stream Mapping, and Muda elimination (Dennis, 2007; Detty & Yingling,
2000; Fang & Kleiner, 2003; Fullerton & Watters 2001; Fullerton et al., 2003; Faizul & Lamb,
1996; Miltenburg, 2007; Liker, 2004; Veech, 2001).
Hayes and Wheelwright (1984) introduced four types of manufacturing settings: job
shop, batch shop, assembly line, and continuous flow, each one with different characteristics.
Hayes and Wheelwright (1984) felt that such a classification system would be useful in
determining which process is the most appropriate for each product life cycle.
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Statement of the Problem
Although a number of lean tools have been identified and generally accepted, these tools
have not been sufficiently examined regarding their level of use in the various categories of
manufacturing settings as identified by Hayes and Wheelwright (1984).
Elements of a Lean Implementation
Lean should be viewed more as a philosophy or condition than as a process (Bhasin &
Burcher, 2004). A successful lean implementation requires dramatic changes at all organizational
levels and departments involving work organization and culture (Sohal, 1996). Moreover, the
firm who implements a lean approach will need a decision making system based on bottom up
measures, quality reports and vendors reliability and adapted control system by “... linking
compensation rewards to quality results” (Fullerton & McWatters, 2002, p. 730). Lean has to be
seen as a direction, not as a reached after certain time state (Karlsson & Ahlstrom1996). In Lean
Thinking, Womack and Jones (1996) identified five lean principles essential for successful lean
implementation: (a) specify value, (b) identify the value stream, (c) flow, (d) pull, (e) perfection.
In addition, Liker (2004, pp. 37-40) proposed the 14 Toyota principles listed in Table 1.
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Table 1
Toyota’s 14 Principles
1

Sections
Long-term philosophy

2

The right process will
produce the right results

3

Add value to the
organization by developing
your people and partners
Continuously solving root
problems drive
organizational learning

4

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Principles
Base your management decision on a long term
philosophy (Customer is the starting point)
Continuous Flow
Pull
Level out the work load (Heijunka)
Get quality right the first time (Jidoka)
Standardized task
Visual control
Reliable Equipment
Grow leaders from within
Develop exceptional people
Respect your partners and help them improve
Go and see for yourself
Make decision slowly considering all options
Become learning organization through reflection
and Kaizen

Lean principles are defined by Womack and Jones (1996) and Liker (2004) as the basis
for a successful lean implementation. Shah et al. (2008) wrote that lean principles reflect the
flow and standardization and are crucial for the competitive advantage of a manufacturing firm.
Since the heart of the Toyota production system is elimination of the wastes at all levels
(Liker, 2004; Dennis, 2007; Womack & Jones, 1996; Bhasin & Burcher, 2006), it is important to
categorize the types of waste. Liker (2004) identified three types of waste: Muda, Muri, and
Mura. Muda is defined as non-value adding operations. Muri and Mura are defined as
overburden (of people and equipment) and unevenness respectively. The eight non value-adding
operations of Muda are (a) correction/scrap, (b) over-production; (c) waiting; (d) conveyance; (e)
processing; (f) inventory; (g) motion (Dennis, 2007; Womack & Jones, 1996; Liker, 2004); and
(h) unused employees’ creativities (Liker, 2004).
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Several research efforts (Liker, 2004; Dennis, 2007; Womack & Jones, 1996) have
addressed these eight wastes, but little attention has been paid to Muri—overburden of people
and equipment—or Mura—unevenness (Liker, 2004). Lean is about the elimination of all three
types of waste—Muda, Muri and Mura—not only the eight known wastes of Muda (Dennis,
2007; Liker, 2004).
The success of a lean implementation in an organization depends on the human element
(Sawhney & Chason, 2005). Continuous improvement and respect for people are the two key
principles of the Toyota production system (Emiliani & Stec, 2005), while the employees are the
heart (Dennis, 2007). “The root of the Toyota way is encouraging people continuously to
improve the process they work on. …It is the people who bring the system to life and make it
work” (Liker 2004, p. 36). Recent research efforts listed in Table 2 have identified a few
essentials that contribute to lean success.
Table 2
Lean Success Factors
Lean Success Factors

Literature

Leadership commitment

Achanga et al., 2006; Dickson et al., 2009;
Scherrer-Rathje et al., 2009; Emiliani and Stec,
2005

Local culture
Skills and expertise

Achanga et al., 2006; Dickson et al., 2009;
Emiliani and Stec, 2005
Achanga et al., 2006

Workforce’s flexibility to change

Dickson et al., 2009

Autonomy

Scherrer-Rathje et al. 2009; Emiliani and Stec,
2005

Long-term lean goals

Scherrer-Rathje et al. 2009; Emiliani and Stec,
2005
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To convert an organization into a lean learning organization, the right combination of a
long-term philosophy, processes, people, and problem solving is needed (Liker, 2004). Lean is
about changing corporate culture and reducing waste at all levels (Bhasin & Burcher, 2006).
Barriers to Success
According to Pay (2008), “Only 2 percent of companies who began a lean transformation
have fully achieved their objectives and only 24 percent of these companies reported achieving
significant results. That leaves 74 percent of the responding companies admitting that they are
not making good progress with lean” (p. 1).
Dickson et al. (2009) reported that reasons for the failure of a lean implementation
include (a) lean is not implemented properly or (b) the social context is not taken into account.
In addition, the “bottom-up” approach to a lean implementation produces a cascading effect of
problems such as “lack of senior management commitment, lack of team autonomy, and lack of
organizational communication of, and interest in, lean” (Scherrer-Rathje, 2009, p. 81) or the
company lacks the right people in the right positions (Pay, 2008).
“Cherry picking” single tools and practices in manufacturing and engineering without
consideration of the environment within the system is a reason for failure or only partial success
of many lean initiatives (Morgan & Liker, 2006). According to Liker (2004), the problem is that
“…companies have mistaken a particular set of lean tools for deep ‘lean thinking.’ Lean thinking
based on the Toyota Way involves a far deeper and more pervasive cultural transformation than
most companies can begin to imagine” (pp. 10, 11). However, without “a total end-to-end view,
companies often fail to migrate to a lean enterprise” (Loftus, 2006, p. 46).
Emiliani and Stec (2005) identified two types of lean manufacturing adopted by the
companies: “real lean” and “imitation lean.” “Real lean” refers to the faithful adoption of the
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lean management system across the entire enterprise, consistent with the lean principles even
when modified to work with the specific company culture. “Imitation lean” occurs when only
selected lean principles and practices are adopted. The author clarified that “imitation lean”
focuses on continuous improvement just as a tool, and “respect for people” as part of the lean
culture is missed.
Implementing “real lean” is a long and difficult process involving a commitment from all
management levels (Emiliani, 2004). An important key for a successful implementation is that
the first team member has to be the company CEO (Raymond, 2006). In addition, lean
implementation success depends on the “….relationship between the external facilitator, internal
line managers and the sponsor of the lean project, including those who work the processes”
(Atkinson, 2010, p. 41).
Rationale for the Study
Lean is popular in a variety of manufacturing and service businesses and has been the
focus of many scholarly investigations. Lewis (2000) stated that creating a lean success
trajectory is a difficult process because of the uniqueness of each individual lean implementation.
The lean research efforts identified many reasons why companies fail to implement lean, but
many questions remain. The relationship between organizational culture and radical changes
required for a lean implementation is not clear (Nahm et al., 2003), nor is the effect of size and
industry type on a lean implementation (Shah & Ward, 2003).
Four types of manufacturing settings have been identified by Hayes and Wheelwright
(1984): job shop, batch shop, assembly line and continuous flow. The job shop relies on
knowledge of the workers and is characterized by high flexibility, many different products, and
low volumes (NetMBA, 2011), such as a machine tool shop, a machining center, or a paint shop.
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Hayes and Wheelwright (1984) described a job shop as producing “small batches of a large
number of different products” requiring different processing steps. In addition, Montreuil et al.
(1999, p. 501) defined a job shop as “manufacturing units that process a variety of individual
products requiring diverse workstation types in varied sequences” with different product routes
and lack of a dominant flow pattern. Characteristics of a job shop are variability in the job
demand, constantly changing product mix, and small to medium volume, which makes a
production line uneconomical to set up.
The batch shop is characterized with moderate flexibility, several products, and moderate
volumes. The products are produced in batches with disconnected activities; usually set-up time
is required for change from one product to another (NetMBA, 2011). Examples of this include
injection-molding manufacturing. Hayes and Wheelwright (1984) described the batch shop as a
standardized job shop with stable line of products. A batch production process is useful for
highly customized products in low volumes; it enables the buffering of the manual work into the
production system leading to innovation (Cooney, 2002).
The assembly line is associated with low flexibility, a few products, and high volumes.
The sequence of activities is fixed (NetMBA, 2011), such as in an automobile plant. Moreover,
the assembly line consists of sequenced workstations producing highly similar products (Hayes
& Wheelwright, 1984) with operators performing assembly tasks, and product moving from
workstation to workstation (Eswaramoorthi et al., 2011).
Continuous flow is characterized by very low flexibility, one product, and very high
volume. The sequence of action is fixed; usually the product is measured with weight or volume
(NetMBA, 2011), like petroleum refinery or sugar refinery. In process manufacturing, the
materials flow from one machine to another without stopping (Ha, 2007).
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Most of the lean success stories are from companies with market and product technology
similar to Toyota’s: limited product offerings, with only cosmetic customization, high volume
production, repetitive manufacturing and stable or predictive demand (Lander & Liker, 2007),
which is an assembly line production. Safizadeh et al. (1996) found that firms with different
process choices have a different competitive priority. As an example: Job shop and batch
organizations stress flexibility and speed of response, while mass and process production
emphasize reliability, productivity, and lower cost (Han, 1997). Moreover, according to Cua et
al. (2001), the “….process type plays a significant role in differentiating performance” (p. 688).
Despite the uniqueness of the individual implementations, there is a possibility for “…generating
useful, contingent descriptions of the lean production development trajectory” (Lewis, 2000, p.
971). Kim et al. (2006) clarified that lean is unique because of the specified value from the
customer’s perspective. The “universality” of lean applications depends upon business
conditions (Cooney, 2002). Moreover, Shingo (1981) explained that the lean is universally
applicable after adaptation to the characteristics of each industry or plant.
White and Prybutok (2001) found out that an association between the type of production
system and lean manufacturing implementation exists. Lean manufacturing as a concept is well
understood and addressed by many research efforts, but its applicability to high value, low
volume complex products has not been determined (James-Moore & Gibbons, 1997). The
unchanged lean formula is applicable to a small sector of manufacturers; for most manufacturers,
good judgment is needed to adapt to the company’s circumstances (Jina et al., 1997). In addition,
which of the lean principles and tools are relevant to a specific environment is important for
successful lean implementations (Corbett, 2007). Consequently, if the appropriate fit between the
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manufacturing processes and lean tools is defined, the companies will be able to implement lean,
sustain the results, and improve organizational performance.
Purposes of the Research
One purpose of this study was to examine the level of use of the sixteen lean tools as
defined by Liker (2004), Dennis (2007), and Womack and Jones (1996) in the different settings
of manufacturing operations identified by Hayes and Wheelwright (1984): job shop, batch shop,
and assembly line. The relationship between the type of manufacturing category and the levels of
use of the lean tools in each manufacturing category was tested through Hypothesis 1 (See
Figure 1). Moreover, a prioritization of the lean tools on which the different types of
manufacturing settings could emphasize during a successful lean implementation was proposed.
Another purpose of this study was to explore whether a relationship exists between the
perceived operational performance and the alignment of the identified lean tools with the type of
manufacturing category. In addition, this study investigated whether a relationship exists
between the perceived satisfaction with a lean program and the alignment of the identified lean
tools with the type of manufacturing category. The moderating effect of the type of
manufacturing settings on the relationships between the levels of use of the lean tools and the
perceived operational performance was tested through Hypothesis 2. The moderating effect of
the type of manufacturing settings on the relationships between the levels of utilization of the
lean tools and the satisfaction with the lean program was tested through Hypothesis 3 (See
Figure 1). For definitions, please refer to Chapter 2.

10

Type of
Manufacturing
Category

H1

H2
Lean Tools
H3

Perceived Operational
Performance
Managers’ Satisfaction
with the Lean Program

Figure 1. Theoretical Model

Research Questions
Lander and Liker (2007) suggested that the successful lean implementation depends on
designing and implementing specific tools for your organization, achieving the lean objectives,
and supporting your people. Based on the literature review, the level of use of the different lean
tools to the different categories of manufacturing organizations is crucial for a successful lean
implementation (Corbett, 2007). This study addressed three research questions related to
successful lean implementation in job shop, batch shop, and assembly line manufacturing
settings:
RQ1: Are the sixteen lean tools perceived by respondents to be equally used in job shop,
batch shop, and assembly line manufacturing settings?
RQ2: Is there a relationship between the operational performance of the firm as perceived
by the respondents and the perceived alignment of the lean tools with the type of manufacturing
setting?
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RQ3: Is there a relationship between the reported satisfaction with the lean program and
the perceived alignment of the lean tools with the type of manufacturing setting?
Research hypothesis. Grounded in the contingency theory and in the universality of lean
dependent on different contextual factors (Chapter 2), the present study hypothesized:
H1 (Null): There will be no significant difference between the degrees of utilization of each lean
tool, when the companies are grouped by the three manufacturing settings: job shop, batch shop,
and assembly line.
This study hypothesized:
H2 (Null): The type of manufacturing setting will not have a significant moderating
effect on the relationship between the lean tools and the operational performance as
perceived by the respondents.
H3 (Null): The type of manufacturing setting will not have a significant moderating
effect on the relationship between the lean tools and the respondents’ satisfaction with the
lean program.
Delimitations and Limitations
The study was limited to manufacturing companies located in the US that were in some stage of
lean implementation. Data were collected using an electronic survey-questionnaire using a
checklist and a rating scale. A limitation of this survey research was that it captured a fleeting
moment in time and relied on self-reported data (Leedy & Ormrod, 2005). In addition, surveys
rely on participant honesty, and the quality of data obtained depends on how well the
respondents understand the survey item or question (Passmore & Parchman, 2002). Another
limitation was that the personal biases could not be controlled. Moreover, when using an online
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survey, there was a probability of sampling bias issues (Selm & Jankowski, 2006). A
delimitation was that only three of the four settings identified by Hayes and Wheelwright (1984)
were used for this study. The study was further delimitated to Lean Enterprise Institute members
and LinkedIn Continuous Improvement group members.
Assumptions
It was assumed that all survey takers would provide honest answers to the survey
questions and that the chosen instrument would reflect accurately the lean implementations and
the perceptions of the respondents.
Definition of Terms
Continuous flow: The product flow, at rate one piece at a time, from one process to another
without WIP inventory between the processes (Dennis, 2007; Liker, 2004).
Five S: S-sort, S-set in order, S-shine, S-standardize, and S-sustain (Dennis, 2007).
Heijunka: Production leveling (Dennis, 2007).
Jidoka: automation with human touch (Dennis, 2007).
Kaizen: continuous improvement through employees’ contribution to the company’s
development (Brunet & New, 2003).
Kanban: system of visual tools synchronizing the production (Dennis, 2007).
Muda: Waste (Dennis, 2007).
Mura: Unevenness (Dennis, 2007).
Muri: Overburden of people and equipment (Dennis, 2007).
Poka-yoke: Error-proofing device (Dennis, 2007).
Pull: product is manufactured when is placed the actual order (Haaster et al., 2010).
Standardization: current best practices for each process (Detty & Yingling, 2000).
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Total productive maintenance (TPM): progressive maintenance methodologies in which shop
floor employees perform basic maintenance work (Dennis, 2007).
Value Stream Map: material and information flow diagram (Dennis, 2007).
Work-in-process (WIP): inventory between the different processes (Dennis, 2007).
Summary
This chapter introduced the background of lean manufacturing and described the
problems encountered when implementing lean and justified the need to explore the level of
utilization of the different lean tools in the three manufacturing settings: job shop, batch shop,
and assembly line. In the next chapter, a review of related to the topic literature provides more
information about the lean manufacturing and the types of manufacturing categories.
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Chapter 2: Review of the Literature
This chapter provides a summary of the current literature relevant to the definition and
purpose of lean manufacturing, the difficulty when implementing and sustaining lean, the
benefits achieved when lean is successfully implemented, the need for lean in order to keep more
manufacturing in the US, and the universality of lean when implemented in different types of
businesses. Moreover, this chapter provides information about the three types of manufacturing
settings: job shop, batch shop, and assembly line.
Lean Manufacturing
Researchers defined lean as a philosophy, a process, a systems approach, a method and a
business strategy. “Lean manufacturing is a comprehensive philosophy for structuring, operating,
controlling, managing, and continuously improving industrial production systems” (Detty &
Yingling, 2000, p. 429). Moreover, lean is a collection of tools and techniques, incorporated in
the business processes with goal optimizing time, human resources, assets, productivity, and
improving the quality level (Becker, 1998). Lean is a systems approach with integrated value
delivery processes (Allen, 2000), a total lean enterprise system concentrated on elimination of
non-value added activity (Haaster et al., 2010) and a dynamic process driven by set of principles
and practices (Womack et al., 1990). According to the National Institute of Standards and
Technology Manufacturing Extension Partnership’s Lean Network, “Lean manufacturing is a
systematic approach to identifying and eliminating waste through continuous improvement,
flowing the product at the pull of the customer in pursuit of perfection” (Kilpatrick, 2003, p. 1)

15

Figure 2. Toyota Production System house
Source: Liker, J. K. (2004, p. 33). Toyota way 14 management principles from the world's
greatest manufacturer. New York: McGraw-Hill
Lean manufacturing has synonyms such as lean production and just-in-time (Kilpatrick,
2003). Moreover, in a manufacturing environment, the term lean also refers to the Toyota
Production System (TPS) established by the Toyota Corporation (Chen et al., 2010).
At the present time, lean is the most effective way of manufacturing (Kristjuhan, 2010).
However, lean is not the application of a few lean tools on the shop floor but a complete change
of the way everyone relates in an organization when performing their daily work (Melton, 2005).
The adoption of lean involves “…complex evolutionary process of organizational learning and
interpretation” (Lee & Jo, 2007, p. 3665). The focus of lean manufacturing is based on the
combination of human and technological subsystems, because Kanban, heijunka, and
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autonomaton are part of the technological system, while creative thinking, problem solving, and
team work are part of the human system (Paez et al., 2004).
The three underlying lean elements are philosophical underpinnings, managerial culture,
and technical tools (Dibia & Onuh, 2010). Other lean characteristics are team-based work,
organization with cross-functional teams, shop floor problem solving, lean operations, high
employee commitment, involved suppliers, and make-to-order strategy (Sohal & Egglestone,
1994). In addition, lean manufacturing combines product development, supplier management,
customer management, and policy focusing processes for the whole organization (Holweg,
2007). Finally, lean manufacturing coordinates all processes in the chain from the customer to
the supplier (Smeds, 1994).
Implementing lean. “Optimal lean implementation depends on using effective lean
mechanisms within the boundaries of system constraints and strategic goals” (Deif, 2011, pp. 1112). For a successful lean implementation, a decision-making system is needed which is based on
bottom-up measures, quality reports, vendors’ reliability, and an adapted control system linking
compensation rewards to quality results (Fullerton & McWatters, 2002). Moreover, essential is
the development of comprehensive in scope and content, plant specific manufacturing strategies
(Crute et al., 2003). A successful lean implementation requires dramatic changes at all
organizational levels and departments, involving work organizational and cultural issues (Sohal,
1996).
Black (2007, p. 3645) proposed seven preliminary steps for successful lean
implementation:
1. Education of everybody in the plant on lean production philosophy and concepts,
2. Top-down commitment,
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3. Financial decision based on the lean practices as lean accounting,
4. Selection of measurable parameters that track organizational changes,
5. Full involvement of production workers,
6. The company must share the gains with those who contributed, and
7. The middle management reward structure must support the system design.
Liker et al. (1998) grouped Toyota managerial practices into six organizational
mechanisms: mutual adjustment, close supervision, integrative leadership from product heads,
standard skills, standard work processes, and design standards, which are working well as a
whole, but alone each one of them would accomplish little. On the other hand, Allen (2000)
defined the five phases of lean implementation as stability, continuous flow, synchronized
production, pull system, and leveled production. “Activities, connections, and production flows
are standardized and rigidly specified to provide the necessary performance and flexibility to
supply a wide range of standardized products at low costs” (Alfnes & Strandhagen, 2000, p. 5).
According Crute et al. (2003), the lean capabilities are plant specific. In order to work,
the Toyota product development system must be redesigned to suit the uniqueness of each
organization and must be integrated in the overall system, realizing the potential of the best
practiced and tools (Liker et al., 1998).
Sohal (1996) wrote that employees’ education and training is a foundation of all change
initiatives and is critical for successful lean implementation. Other success factors are
management’s commitment to changes and active involvement in the improvement initiatives
(Sohal & Egglestone, 1994) and culture supporting autonomous working (Crute et al., 2003), or
in other words, a leadership dedicated to lean. Becoming lean requires tremendous learning and a
high level of commitment to the process (Chen et al., 2010).
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Hines and Holwe (2004) believed that many companies focused on lean implementations
on the shop floor, while to be successful, lean must be implemented in the entire organization.
Moreover, when implementing lean, the focus usually is on the tangible aspects, overlooking the
most important human aspects (Dibia & Onuh, 2010).The benefits of lean are attained through
creating a lean learning culture, not by a few quick fixes to reduce the cycle time and cost and
increase quality (Liker & Morgan, 2005). Lean is a direction, not a reached-after-a-certain time
state (Karlsson & Ahlstrom, 1996).
The starting point of every lean implementation is the identification and definition of the
value from the customer’s perspective (Melton, 2005; Kim et al., 2006). Identifying value-added
activities (Pepper & Spedding, 2010) and resources (Poppendieck, 2002) is the next step. The
development of standardized work instructions, reducing wastes and involving the entire work
force in the optimization process, is also important (Burg, 2009). Spear (2004) suggested four
rules for successful lean implementation:
1. There is not another replacement for direct observation.
2. Proposed changes should be tested as an experiment before implementing.
3. Experiment as frequently as possible.
4. Managers should use coaching style management.
Respect for people and continuous improvement are the most important business
principles of TPS, because the Toyota success dependents on the effort of every team member to
identify problems, reduce inventory, and eliminate waste (Smith, 2006). Lean manufacturing
relies on the shop floor workers to coordinate production flow through minimizing work in
process inventory and throughput times (Alfnes & Strandhagen, 2000). Human resources are
important factors contributing to the successful lean implementation; they are the initiative of
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processes, business, and continuous improvement activities (Dibia & Onuh, 2010). In the lean
environment, variances and uncertainty are easily managed through teamwork and group
problem solving, leading to decentralized decision-making (Forza, 1996).
Sustaining lean. Sustaining a lean culture is not easy because it requires workers
dedicated to continuous improvement, accepting that there exists a better way of doing
everything (Flinchbaugh, 2006). According Liker and Rother (n.d.), “The Shingo Prize
committee, which gives awards for excellence in lean manufacturing, went back to past winners
and found that many had not sustained their progress after winning the award” (p. 1). The lean
system functions properly in a social collaborative environment with foreseeable and reliable
production resources (Forza, 1996). An open environment of timely information sharing,
communication, trust, and openness between the employees is necessary (Sohal, 1996).
The lean achievement is sustainable through implementing teamwork for problem
solving, employees’ suggestion program, quality feedback, statistical process control,
standardized procedures, and employees performing a variety of tasks (Forza, 1996). In addition,
everyone must be involved in the transformation changes and must understand that the wellbeing of the firm means job security for everyone (Sohal, 1996).
The TPS is working with a flat hierarchy, democratic culture, understanding that the
employees and managers have a common interest in the well-being of organization (Fang &
Kleiner, 2003). Lean culture characteristics are the decentralization of responsibility to the
production workers and the decrease of hierarchic levels in the company (Sanchez & Perez,
2001).
Sustainable lean improvement is achieved when the local culture adapts to and embraces
the lean principles (Dickson et al., 2009). A sustainable lean culture is contingent on the
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“training and development targeted at learning and knowledge sharing, compensation and reward
schemes, and focus on lean as a means towards career development” (Jorgensen et al., 2007, p.
377). Similarly, lean should be seen as a direction, not as a state, reached after a certain time
(Karlsson & Ahlstrom, 1996). Moreover, sustainable success of lean depends on the appropriate
assessment tool taking into account technical and organizational perspectives (Jorgensen et al.,
2007). Toyota culture is built and sustained through company uniforms, songs, after-work social
gathering (Fang & Kleiner 2003), and a high level of continuous leadership commitment to lean
(Dickson et al., 2009). The lean implementation is a long-term strategy with incorporated
continuous improvement (Loftus, 2006).
Benefits of lean. Lean manufacturing is a very effective management system, achieving
better results while using less of everything: half the human effort, half the manufacturing space,
half the engineering hours, and decreased labor cost (Dibia & Onuh 2010; Sohal & Egglestone,
1994). The lean manufacturing companies design and distribute products in less than half the
time that other companies do (Sohal, 1996).
The goal of lean is reduction of labor, space, capital, and delivery time (Taninecz, 2005).
The benefits of implementing lean are achieved through associated improvement techniques and
methodologies (Katayama & Bennett, 1996), but they vary in different manufacturing systems
(Lima et al., n.d.). “Companies which have adopted the lean production concepts can typically
design, manufacture, and distribute products in less than half the time taken by other companies”
(Sohal, 1996, p. 92).
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Table 3
Lean Benefits
Lean Benefits
Reduction of lead time
Reduction of accidents
Reduction in customers complaint
Reduction in floor space
Improved quality
Reduced processing time
Reduction of WIP inventory level
Easily traceable quality problems
Simplified communication
Time-based responses
Employee flexibility
Accounting simplification
Increased firm profitability
Inventory reductions
Reduced scraps cost
Improved delivery time
Increased flexibility
Lowering of cycle times
Greater sensitivity to market changes
Increased productivity levels
Stronger focus on performance
Improved supplier bonds
Reduced labor
Increased machine utilization
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Need for lean. During the past decade, the U.S. manufacturing companies have faced
increased pressure from customers and competitors (Chen et al., 2010). In order to meet the
customers’ high expectations, manufacturers have to increase product quality, reduce delivery
time, and minimize the product cost or implement new production strategy (George, 2002).
Quality products with varying production requirements, short lead-time, and small delivery lots
are today customer’s demands, forcing manufacturers to adopt lean initiatives such as setup time
reduction, continuous flow, and quality improvements (Fullerton & Wempe, 2008).
Despite the natural and economic resources (Fullerton & Watters, 2001), the U.S.
manufacturing companies do not have a big choice when competing with low-cost foreign
suppliers (Flinchbaugh, 2005). However, the competitiveness of the current market place and
globalization has forced the U.S. firms to look for better ways of doing business (Fullerton &
Watters, 2001; Flinchbaugh, 2005). Different firms take different approaches: investing in new
equipment, eliminating job positions, or using what they already have in a more efficient manner
(Flinchbaugh, 2005; Reeb & Leavengood, 2010). The increased customer expectations require
implementing a new production strategy: some manufacturing companies have moved their
production over the border, while others have decided to implement lean and increase their
competitiveness in the global arena (Chen et al., 2010)
The most important fact about lean is that it can save jobs and the company can keep
manufacturing in the USA (Burg, 2009). Even the public sector of the US is aiming to become
lean (Comm & Mathaisel, 2000). “Today lean production has become the goal of manufacturers
aiming for world-class status” (Sohal, 1996, p. 92).
The competitive advantage of the manufacturing firms is dependent on greater product
variety, customer focus, and mass customization at reasonable prices (Alfnes & Strandhagen,
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2000). In addition, the competitive advantage of manufacturing firms is accomplished through
quality beyond the competition and technology before the competition or, on the other hand,
better, faster, and cheaper, which is a characteristic of lean (Comm & Mathaisel, 2000).
“Achieving long term competitive advantage depends on the firm understanding how to position
its manufacturing skills vis a vis its competitors” (Fine & Hax, 1985, p. 30).
Dibia and Onuh (2010) explained that lean is a significant enabler in the manufacturing
world because new customers’ expectations are high quality, customer-driven products, cost
effectiveness, technology, and new human resources practices. Powerful business drivers,
delivering value to shareholders, are cost reduction and innovations (Dlott, 2011). The U.S.
manufacturing landscape is transforming itself through the lean production paradigm (Fullerton
& Wempe, 2008). “Lean manufacturing has proved to be one of the most successful tools that
manufacturing facilities can employ” (Green et al., 2010, p. 2992). Because of the increased
global competition, almost every manufacturing industry is willing to implement lean
(Pavnaskary et al., 2003; Vinodh & Chintha, 2011).
Applicability of lean to different businesses. The lean principles, developed by TPS,
are not restricted to only large multinational companies, but they are also applicable to small and
medium-sized firms (Karlsson & Ahlstrom, 1996). Incidentally, different aspects of lean are
implemented in larger and small firms (White et al., 1999). Quality controls, total preventive
maintenance, set-up time reduction, and kanban are implemented in the large businesses, while
the multifunction employee concept is implemented in the small businesses (Shah & Ward,
2003).
Lean manufacturing is applicable to the aerospace industry, resulting in a high level of
process and product quality along with low cost and significant reduction in lead times (Crute et
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al., 2003; Cudney, 2010). However, the problems when implementing lean in aerospace are very
similar to high volume sectors such as automobiles (Crute et al., 2003). Moreover, lean is well
understood and successfully applied in the software development practices, resulting in many
benefits (Poppendieck, 2002). Similarly, lean when applied in the construction and forest
products industries improves efficiency and competitiveness (Reeb & Leavengood, 2010; Höök
& Stehn, 2008). The application of lean in many industry sectors has resulted in performance
improvement (Reichhart & Holweg, 2007). Finally, the lean principles are applied to a range of
business processes, although there continues to be the existing challenges of transferring lean
from the production floor to the service area (Taninecz, 2005).
Lean measures. “Leanness” is a lean performance measure, defined by Vinodh and
Balaji (2011). For this reason Wan and Chen (2008) proposed a “unit- invariant” leanness
measure quantifying the leanness of the manufacturing systems through extracting “….the valueadding investments from a production process to determine the leanness frontier as a
benchmark” (p. 6567). Moreover, the application of lean principles is measured by “…faster
throughput times for in-bound, work in progress (WIP) and out-bound material; smaller
manufacturing batch sizes; shorter set-up and change-over times and greater ‘up time’; greater
schedule stability; lower rework and rectification costs” (Jina et al., 1997, p. 5 ).
On the other hand, Jing and Xuejun (2009) explained that lean production is an integrated
social technology system, where the implementation can be measured by measuring the
implementation degree of “…. team work, simple structure, multi skill, employee involvement,
visualization, training, skill based and group based performance pay, organizational support,
kanban, set up time reduction, cell manufacturing, group technology, statistical process control,
preventive maintenance, supplier involvement, and customer focus” (p. 549 ).
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Lean tool and construct definitions. Just in Time (JIT) is one of the pillars of the Lean
House (Liker, 2004; Dennis, 2007) and a key lean production element (Hines, 1996). JIT is
defined as the extent to which the parts are delivered in the right quantity at the right time using
the minimum necessary resources (Sanchez & Perez, 2001; Haak, 2006; Detty & Yingling, 2000,
Kasul & Motwani, 1997). JIT is also called a “pull system,” in which the product is
manufactured when the actual order is placed and the firm produces only what is needed in
requested quantities and time (Haaster et al., 2010; Dennis, 2007). The purpose of pull
production is to match production with demand (Detty & Yingling, 2000; Kilpatrick, 2003).
The benefits of JIT are lower inventory, space and cost savings, reduced risk of
obsolesce, and reduced response time (Beard & Butler, 2000; Haak, 2006; Haaster et al., 2010;
Billesbach & Hayen, 1994). According Fullerton et al. (2003), positive relationships exist
between the degrees to which waste reduction practices, profitability of the firm, and marginal
return to long-term JIT investment are implemented.
Beard and Butler (2000) explained that actually JIT theory differs from JIT practice,
because different industries have different manufacturing processes, and JIT is not applicable to
all of them. For successful implementation of JIT, human resources support and understanding is
a crucial factor (Gupta et al., 2000). Moreover, the master production schedule is very
deterministic for the JIT system (Faizul & Lamb, 1996). JIT is supported through Kanban, a card
or other visual control, pulling production through the manufacturing process (Melton, 2005).
Kanban is a pull signal, controlling work in process inventory (de Araujo & de Queiroz, 2005)
and indicating how much material is needed and when (Kilpatrick, 2003). Adler et al. (1997)
explained that NUMMI did not use a computer production schedule, but instead used kanban,
signaling that the downstream needed something to be produced.
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Kanban is a scheduling system replacing what has been used by the next process,
resulting in minimum inventory and shorter lead-time (Kasul & Motwani, 1997). Two kinds of
Kanban are identified by Kasul and Motwani (1997): (a) Withdrawal Kanban “specifies the kind
and quantity of product which the subsequent process should withdraw from the preceding
process” (p. 277) and (b) Production Kanban “specifies the kind and quantity of product which
the preceding process must produce” (p. 277). In cases when pure flow is not possible because of
different cycle times between processes or another reason, the Kanban system is the next choice
(Liker, 2004).
Continuous Flow (CONTFL) is defined as the extent to which the product flows one
piece at a time, from one process to another without WIP inventory between the processes
(Dennis, 2007; Liker, 2004). Flow is the most difficult concept to understand, because first one
needs an understanding of the linkage of events and activities delivering value to the customer
(Melton, 2005). Continuous flow is achieved through the implementation of work cells, which is
a technique arranging operations in a cell with one piece flow and better use of people and
equipment (Kilpatrick, 2003). Disconnected processes and people or areas with material
stagnation are signs that the workflow has to increase through cells implementation (Lander &
Liker, 2007).
Because the ideal batch size, one, is not always applicable, when working in batches, the
goal is to decrease the batch size as low as possible (Kilpatrick, 2003). As a first step in the lean
journey, Liker (2004) recommended creating continuous flow whenever applicable to the
processes. Continuous flow is created through defining value from the customers’ perspective
and moving machines and people together (Dennis, 2007). “Flow is at the heart of the lean
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message that shortening the elapsed time from raw materials to finished goods will lead to the
best quality, lowest cost, and shortest delivery time” (Liker, 2004 pp. 87, 88).
Heijunka (HEIJ) is defined as the extent to which the production is leveled over a defined
period in order to achieve constant flow of mixed parts and to minimize peaks and valleys in the
workload (Furmans, 2005., Haaster et al., 2010, Adler et al., 1997; Coleman & Vaghefi, 1994;
Deif, 2011; Hampson, 1999; Huttmeir et al., 2009). In addition, heijunka is defined as a
production planning method, taking into account process leads, capacities, external demand, and
takt time to mix the items’ sequence in the most efficient way (Coleman & Vaghefi, 1994). On
the other hand, heijunka is defined as a manufacturing strategy eliminating the overproduction
and synchronizing all production operations to match customer demand (Deif, 2011, Detty &
Yingling, 2000). Heijunka prevents uneven workloads or having too many of one part and not
enough of another (Kasul & Motwani, 1997).
Production leveling aims to smooth the product line utilization, to level the workload, and
to set up standardized processes (Průša & Schacherl, 2007). Consequently, even work
distribution results in stable and even output and creates a continuous flow, which is required for
lean manufacturing (Haaster et al., 2010). Leveling production is achieved through quick change
over small lots and mixed model-sequenced product scheduling (Detty & Yingling, 2000).
Quick Set Up (QSETUP) is defined as the extent to which the amount of time for changeover is reduced from running one product to another (Kilpatrick, 2003). The leveling of
production quantity requires that one product be manufactured for a specific time, called takt
time (Art of Lean, Inc., n.d.). According to Melton (2005), the single-minute exchange of dies is
a change over reduction technique. Reduced “change over” time is necessary to avoid costs
associated with heijunka (Adler et al., 1997).
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The other pillar of the lean house is called automation with a human touch or Jidoka.
Jidoka (JID) is defined as the extent to which quality is built into the process through people and
machine detection of abnormal conditions, preventing defective parts passing to the next process
and determining and eliminating the root cause (Hinckley, 2007; Art of lean, Inc., n.d.; Veech,
2001; Dennis, 2007). Moreover, jidoka refers to machine autonomous monitoring for defects.
With automatic stopping devices triggered by a defect or poor quality products, in the case of
continuous flow, the whole production line can stop until the defect is fixed (Haak, 2006;
Haaster et al., 2010; Detty & Yingling, 2000). Jidoka is an interaction of team members and
machinery, bringing attention to the problems (Veech, 2001). The best automation is achieved
through constantly revised manufacturing strategies (Morey, 2008). Suzuki (2004) identified two
kinds of jidoka: the first one stops a machine when a problem occurs, while the second one stops
a machine when the processing is complete. The main purpose of jidoka is to produce defect-free
products (Kasul & Motwani, 1997). High quality is achieved through implementation of mistakeproofing devices and inspecting one hundred percent of the time (Hinckley, 2007).
Poka-Yoke (PYOKE) is defined as the extent to which the error-proofing device has low
cost, high reliability, and is designed for specific work place conditions (Melton, 2005; Dennis,
2007). In the lean manufacturing environment, the mistakes are controlled through mistakeproofing devices, which are the most cost efficient and quality reliable alternative (Hinckley,
2007). Poke-yoke is a low cost simple device, detecting abnormal situations before they occur, or
stopping the line to prevent a defect. The poke-yoke requirement is long life, low maintenance,
high reliability, low cost and designed for the specific work place conditions (Dennis, 2007).
Andon (AND) is defined as the extent to which the device allows everyone working on
the production line to stop the production if a defect is detected (Kasul & Motwani, 1997).
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Standardized Work (STANDW) is defined as the extent to which the best practices are
standardized and used as a basis for improvement (Detty & Yingling, 2000; Dennis, 2007; Liker,
2004). Standardization is the responsibility of the shop floor employees to identify the current
best practices for each process and use them as a benchmark for improvement (Detty &
Yingling, 2000). Standardized work, guiding the workers responsible for cell performance and
output, is the foundation of lean manufacturing (Whitmore, 2008). The primary purpose of
standardization is providing a basis for improvement; it stands on the beliefs that there is no one
best way to do the work and that the employees doing the work are able to create the best work
design (Dennis, 2007). Moreover, the standardization is constantly changing because of
improvement suggestions from Muda elimination (Dennis, 2007). A Standardized Work
Analysis Chart is a document combining the job elements in a waste-free work sequence
(Dennis, 2007; Art of Lean, Inc., n.d.). On the other hand, Quality Check sheets define required
quality checks (Art of Lean, Inc., n.d.)
5 S system (FIVES) is defined as the extent to which the workplace is organized and
standardized (Dennis, 2007; Liker, 2004). According to Melton (2005), 5S is a visual
housekeeping technique, transferring control to the shop floor. Kilpatrick (2003) described the
5S as “systematic method for organizing and standardizing the workplace” (p. 3). Moreover, in a
lean transformation, 5S is the first tool implemented, providing immediate return on investments
and applicable to every function in the organization (Kilpatrick, 2003). The purpose of 5S is to
create a visual workplace: self-explaining, self-ordering, and self-improving (Dennis, 2007). The
first S stands for Sort—keep only what is needed; the second S stands for Straighten—create a
place for everything; the third S stands for Shine—cleaning so that abnormal and pre-failure
conditions are exposable; the fourth S stands for Standardize—to create rules to maintain and
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monitor the first 3s, and the fifth S stands for Sustain—create self-discipline for continuous
improvement (Liker, 2004).
Total Productive Maintenance (TPM) is defined as the extent to which everyone on the
shop floor is involved in preventive basic maintenance work (Dennis, 2007; Liker, 2004). TPM
is a progressive maintenance methodology dependent on the knowledge and cooperation of
operators and support personal, with a goal of achieving longer equipment life, reliable
equipment, lower maintenance costs, and improved utilization and quality (Kilpatrick, 2003).
Moreover, “TPM assigns basic maintenance work such as inspection, cleaning, lubricating, and
tightening to production team members” (Dennis, 2007, p. 45).
Visual management (VISM) is the extent to which value-added information is displayed
to everyone (Hogan, 2009; Dennis, 2007). With visual management, the problems are apparent
to all because the production operations status is displayed to all workers. The visual information
creates a self-directing, self-explaining and self-improving workplace (Hogan, 2009).
Information distribution is essential for the manufacturing teams, in order to perform according
to the company’s goals (Karlsson & Ahlstrom, 1996). TPS visual management communicates
information to all employees (Kasul & Motwani, 1997). Kilpatrick (2003) defined visual
management as simple signals providing immediate and obvious understanding of a situation
within a short period. Visual management is a communication aid, a tool driving real time
operations and processes (Parry & Turnerz, 2006), and a method for a shop floor performance
measurement (Melton, 2005).
Toyota strategy is based on lasting cost reduction, with high quality, availability, and
customer satisfaction, achieved through continuous improvement (Alukal, 2007). Kaizen
(continuous improvement; KAIZ) is defined as the extent to which employees contribute to the
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company’s development through suggestions aimed at elimination of all kinds of waste (Boyer,
1996; Alukal, 2007; Dennis, 2007; Imai, 1997). Kaizen is a Toyota management philosophy
involving everyone working for the company contributing to continuous improvement of the
structures and systems with the goal of eliminating all kinds of waste (Haak, 2006). Kaizen
“….consists of pervasive and continual activities, outside the contributor’s explicit contractual
roles, to identify and achieve outcomes he believes contribute to the organizational goals”
(Brunet & New, 2003, p. 1428). Employees’ creativity and idea generation is the basis of
continuous improvement (Alukal, 2007). The connection between lean and growth is Kaizen,
which eliminates manufacturing and administrative wastes and depends on employees’
engagement (Hettler, 2008).
The workers’ training in problem solving is a very important element of continuous
improvement (Adler et al., 1997). The base of lean production is well trained and multi-skilled
workers, creating an environment which promotes continuous improvement (Boyer, 1996). The
goal of continuous improvement is improving safety, quality, and productivity through working
in employee teams (Detty & Yingling, 2000). Kaizen refers to the gradual improvement made
over time (Manos, 2007).
According Adler et al. (1997), workers’ participation in the suggestion program is a
reliable measure of plant performance. Kaizen-oriented suggestions are applicable to
organizations with process- and result-oriented employees, empowered and committed to
company’s long-term viability, with free flow of information (Recht & Wilderom, 1998).
A Team (TEAM) is defined as the extent to which employees with complementary skills work
together to achieve a common goal (Sanchez & Perez, 2001; Karlsson & Ahlstrom, 1996). At
Toyota, teamwork is promoted through shared vision and purpose (Alukal, 2007), and the
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workers rotate every two hours and share their mistakes with their fellow workers (Bodek, 2008).
The purpose of teamwork is the transferring of responsibilities to the production workers and
reducing indirect labor costs, because beside the production, the teamwork requires maintenance
and material handling (Sanchez & Perez, 2001). The success of NUMMI is based on crosstrained workers rotating between different tasks (Adler et al., 1997). The success and
sustainability of the TPS depends on the team members, the power of highly skilled motivated
workforce as the most competitive advantage of any company, because satisfying and motivating
the team members is the primary goal of a lean company (Veech, 2001).
In a lean environment, product teams and personnel management are working together to
achieve common goals (Haak, 2006). Manufacturing teamwork is essential for a successful lean
organization, resulting in improved quality, shorter cycle time, and lower costs (Jina et al., 1997).
Cross training is a method for achieving multi-skilled employees, which is the requirement for
increasing flexibility in meeting fluctuating demand, creating a shared sense of responsibility,
and balancing the workload in a lean manufacturing organization (McDonald et al., 2009). At the
beginning, the training of employees reduces the profit margin, but it is a long-term investment,
resulting in the achievement of the lean benefits (Fullerton et al., 2003). When implementing
lean, the first step is improving people’s skills, because this step is directly related to the success
of continuous process improvement (Veech, 2001).
Workers involvement (WINV) is defined as the extent to which employees are motivated
to participate in continuous improvement and problem-solving activities (Bodek, 2010; Fullerton
& Wempe, 2008). The human side of lean is very important in implementing a team-based
environment in which employees follow the standards and use all tools and lean techniques
(Alukal, 2007). All of the keys to lean manufacturing are dependent on people doing the work
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(Dibia & Onuh, 2010). The successful implementation of TPS depends on creating and
sustaining high level of worker involvement because employees decide when to stop the line,
develop the standardization, and generate the kaizen ideas (Adler et al., 1997). Moreover,
Fullerton and Wempe (2008) confirmed in their study that successful adoption of lean
manufacturing depends on the shop floor employee involvement. Only the front line workers can
identify and fix small problems (Dennis, 2007). Working out a plan for a personal growth is a
good motivator because the employees feel that they are in charge of their own lives, and by
contributing to the organization they are contributing to their growth (Bodek, 2010).
The most important for Kaizen success is employees’ motivation to participate and
implement small but constant improvements to the shop-floor activities (Imai, 1997). Selfefficiency motivates team members to participate in problem-solving and continuous
improvement activities (Veech, 2001). Another motivator is the involvement of “production line
workers in the identification and adjustment of defective parts, in order to prevent defective parts
from arriving at the quality control department” (Sanchez & Perez, 2001, p. 1436). Confidence in
job security is essential for workers to bring ideas (Detty & Yingling, 2000).
Value Stream Mapping (VSM) is defined as the extent to which the current process is
mapped to make the improvement opportunities obvious (Dennis, 2007; Hettler, 2008). When
improving a process, the first step is to create a baseline value stream map (Jovag, 2011). A
value stream map makes the wastes in the process obvious and is a visual representation of the
value- and no-value-added materials and information moving through the process (Hettler,
2008). If implemented correctly, Value Stream Mapping (VSM) defines the current and desirable
state of the system, provides a reliable analysis tool (Pepper & Spedding, 2010), tracks the
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redesign of the production system (Serrano et al., 2008), and helps in identifying and eliminating
wastes (Seth & Gupta, 2005)
The value stream map is a communication tool and the foundation for decision-making
(Hettler, 2008). The current value stream is mapped to serve as a basis for improvement; the
ideal value stream is mapped as a future direction with only value added processes (Hettler,
2008).
Muda (MUDA) is defined as the extent to which the activity or the process is not valueadded (Dennis, 2007). There are eight types of Muda within lean:
1. Overproduction Muda is defined as the extent to which unordered items are produced
(Liker, 2004). Overproduction generates storage, transportation, inventory,
maintenance, labor, and energy costs (Liker, 2004).
2. Overprocessing Muda is defined as the extent to which the items are processed more
than is the customer’s requirement, producing higher than necessary quality parts
(Dennis, 2007; Liker, 2004).
3. Excess inventory Muda is defined as the extent to which unnecessary raw materials,
parts, and WIP are kept. Problems as production imbalance, late delivery from
suppliers, long set-up times, and equipment downtime are hidden behind the excess
inventory (Liker, 2004).
4. Correction/scrap Muda is defined as the extent to which defective parts are reworked
or corrected (Liker, 2004).
5. Conveyance Muda is defined as the extent to which work in process inventory is
conveyed long distances or parts are moved between processes (Dennis, 2007; Liker,
2004).
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6. Waiting Muda is defined as the extent to which the workers wait for material or for
the next processing steps, parts, and so on (Dennis, 2007; Liker, 2004).
7. Motion Muda is defined as the extent to which employees perform unnecessary
motion (Dennis, 2007; Liker, 2004).
8. Unused employees creativity Muda is defined as the extent to which improvement
and learning opportunities are lost (Liker, 2004)
Operational Performance (OPPER) is defined as the extent to which the firm’s
operational performance indicators focus on the key operational success factors leading to
financial performance (Venkatrama & Ramanujam, 1986). The implication of the lean practices
is related to improvements in the firm operational performance measures as quality cost scrap
and rework cost, productivity costs, cycle time and customer lead-time (Shah & Ward, 2003).
Satisfaction (SATISF) is defined as the extent to which “one’s feelings or attitudes
toward a variety of factors affecting the situation” are summed (Legris et al., 2003, p. 192;
Bailey & Pearson, 1983, p. 531). Three categories of variables measuring satisfaction were
identified by Cheney (1986): uncontrollable, partly controllable, and fully controllable. Ives et al.
(1983) linked satisfaction with the needs addressed by the system. However, the satisfaction is a
critical factor in determining the success or failure of the system implementation (Doll &
Torkzadeh, 1988; Bailey & Pearson, 1983). “Satisfaction cannot be evaluated directly using an
objective measure” (Dehghan & Shahin, 2011, p. 3; Dehghan & Trafalis, 2012, p. 154). Palvia
(1996) proposed a comprehensive model measuring user satisfaction with technology.
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Table 4
Construct Definitions
Construct

Construct Definition

Literature

Just in Time
(JIT)

The extent to which is produced the right
item, at right time, in right quantity when
is placed an actual order.

Dennis, 2007; Detty and Yingling, 2000;
Fang and Kleiner, 2003; Fullerton and
Watters, 2001; Fullerton et al., 2003;
Faizul and Lamb, 1996; Miltenburg, 2007;
Liker, 2004; Veech, 2001

Continuous Flow
(CONTFL)

The extent to which, the product flow, at
Dennis, 2007; Liker, 2004; Fullerton and
rate one piece at a time from one process to Wempe, 2008; Allen, 2000; Veech, 2001;
another without WIP inventory between
Haaster et al., 2010
the processes.
The extent to which the workload and
production is leveled over defined period
in order to achieve constant flow of mixed
parts and to minimize the peaks and
valleys in the workload.

Furmans, 2005; Haaster et al., 2010; Adler
et al., 1997; Coleman and Vaghefi, 1994;
Deif, 2011; Hampson, 1999; Huttmeir et
al., 2009

Quick Set Up
(QSETUP)

The extent to which is reduced the amount
of time for change over from running one
product to another.

Kilpatrick, 2003; Dennis, 2007; Detty and
Yingling, 2000;

Jidoka
(JID)

The extent to which quality is built into the
process through people and machine
detecting abnormal conditions, preventing
defective parts of passing to the next
process and determining and eliminating
the root cause.

Dennis, 2007; Haak, 2006; Haaster et al.,
2010; Detty and Yingling, 2000;
Hinckley, 2007; Kasul and Motwani,1997;
Morey, 2008; Sugimorit et al., 1997; Liker,
2004; Suzuki, 2004;

Poke Yoke
(PYOKE)

The extent to which the error proofing
device is low cost, high reliability, and
designed for specific work place
conditions.

Melton, 2005; Dennis, 2007

Andon
(AND)

the extent to which the devise allows
everyone working on the production line to
stop the production if defect is detected

Kasul and Motwani, 1997

Standardized Work
(STANDW)

the extent to which the best practices are
standardized and used as a base for
improvement

Höök and Stehn, 2008; Dennis, 2007;
Detty and Yingling, 2000; Melton, 2005;
Whitmore, 2008; Liker, 2004;

Heijunka
(HEIJ)
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5 S system
(FIVES)

The extent to which the workplace is
organized and standardized.

Dennis, 2007; Liker, 2004; Veech, 2001;
Melton, 2005; Kilpatrick, 2003

Total Productive
Maintenance (TPM)

The extent to which everyone on the shop
floor is involved in preventive basic
maintenance work.

Dennis, 2007; Liker, 2004; Kilpatrick,
2003; Shah and Ward, 2007

Visual Management
(VISM)

The extent to which value added
information is displayed to everyone.

Hogan, 2009; Dennis, 2007; Adler et al.,
1997; Kasul and Motwani, 1997; Parry and
Turnerz, 2006; Melton, 2005; Kilpatrick,
2003

Kaizen (Continuous
Improvement)
(KAIZ)

The extent to which employees contribute
to the company’s development through
suggestions aiming elimination of all kinds
of wastes.

Alukal, 2007; Bernett and Nentl, 2010;
Adler et al., 1997; Boyer, 1996; Sanchez
and Perez, 2001; Brunet and New, 2003;
Detty and Yingling, 2000; Haak, 2006;
Harari, 1997

Teams
(TEAM)

The extent to which team members with
supplementary skills work together to
achieve common goals.

Sanchez and Perez, 2001; Karlsson and
Ahlstrom, 1996; Detty and Yingling, 2000;
Haak, 2006; Dennis, 2007; Liker, 2004

The extent to which employees are
motivated to participate in continuous
improvement and problem-solving
activities.

Bodek, 2010; Fullerton and Wempe, 2008;
Alukal, 2007; Dibia and Onuh, 2010;
Adler et al., 1997; Boyer, 1996; Dennis,
2007

The extent to which the current process is
mapped to make the improvement
opportunities obvious.

Dennis, 2007; Hettler, 2008; Jovag, 2011;
Hettler, 2008; Pepper and Spedding, 2010;
Serrano et al., 2008; Seth and Gupta, 2005

The extent to which the process is not
value added.

Dennis, 2007; Liker, 2004; Womack and
Jones, 1996

Operational
Performance
(OPPERF)

The extent to which the firm’s operational
performance indicators focus on the key
operational success factors leading to
financial performance.

Venkatrama and Ramanujam, 1986

Satisfaction with the
lean program
(SATISF)

The extent to which “one’s feelings or
attitudes toward a variety of factors
affecting the situation” are summed.

Legris et al., 2003; Bailey and Pearson,
1983

Workers
Involvement
(WINV)

Value Stream
Mapping
(VSM)
Muda
(MUDA)

Production Processes
According to Fine and Hax (1985), the manufacturing operations element is the most
complex and difficult for management. Consequently, when developing integrated business
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strategy, the most important is the interaction between manufacturing and rest of the
management functions (Fine & Hax, 1985). The range of products and processes is one of the
reasons that the management of manufacturing tasks is more difficult (Skinner, 1969).
Hayes and Wheelwright (1979) proposed the first product–process matrix linking the
process life cycle with the product life cycle. Consequently, the most appropriate manufacturing
process depends on the number of products, degree of standardization, and product volume. The
traditional approach for managing process and technology is matching the process type: job
shop, batch shop, assembly line, and continuous flow with the product characteristics, despite
matching processes having become more complicated because of the new technologies such as
computer-aided design (Fine & Hax, 1985).

Figure 3. The product-process matrix
Source: Hayes, R., and Wheelwright, S. (1979). Link manufacturing process and product life
cycles. Harvard Business Review 57 (1): 133-140
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Different combinations of technology are needed for every one of the different
production processes: job shop, batch shop, assembly line, and continuous flow (Han, 1997).
Burack (1967) viewed the industrial units along a technological field as follows: at one end, low
volume and general purpose equipment; in the middle is the “mass production” as final assembly
line and high volume assembling; and at the other end, quasi-process and product types using
process flow with high volume and product standardization.
Ballard and Howell (1998) categorized job shops and batch shops as fabricators, and
assembly line and continuous flow as assemblers. Moreover, job shop and batch shop
organizations stress flexibility and speed of response; on the other hand, mass and process
production emphasize reliability, productivity, and lower cost (Han, 1997).
Job shop. The job shop is a firm producing small batches of a large number of different
products requiring a different set of sequences of processing steps (Hayes & Wheelwright, 1984;
Chase & Aquilano, 1995). Moreover, a job shop is a flexible production facility, producing
variety of individual products (Graves, 1986), requiring diverse workstation types with different
product routes and the lack of a dominant flow pattern (Montreuil et al., 1999).
One of the job shop characteristics is a large amount of in-process inventory, making it
difficult to know the exact location of a specific job at a specific time (Hayes & Wheelwright,
1984). Other job shop characteristics are variability in the job demand, constantly changing
product mix, and small to medium volume, which makes it uneconomical to set up a production
line (Montreuil et al., 1999; Hayes & Wheelwright, 1984). Calculating a job shop’s capacity is
very difficult because of their flexible flow path, products produced, and resources used (Hayes
& Wheelwright, 1984). The processing requirement dictates the route of each job through the
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machine center; consequently, some pattern in the workflow cannot be distinguished because of
the wide variety of jobs and processing requirements (Graves, 1986).
Graves (1986) reported that in the job shop, production control is difficult and cannot be
sophisticated because there is not a dominant workflow. On the other hand, according Oosterman
et al. (2000), pure job shops do not exist because there is a more or less dominant flow. Some
lean principles such as JIT and production leveling are very difficult to apply to a high-level
mass customization environment; as an alternative, the company can increase efficiency of MC
operations through integrating other lean strategies (Stump & Badurdeen, 2009). Moreover, the
implementation of heijunka is very challenging in a high variety production (Huttmeir et al.,
2009). The Toyota production system is working for low variety and high volume productions,
but when applied to a high variety and low volume, kanban and heijunka are not manageable,
machine cells cannot be dedicated to one product, and more complex scheduling techniques are
needed (Masson et al., 2007).
According to Hogan (2005), in order to be profitable, the low volume production needs
the implementation of lean manufacturing. Howard and Newman (1993) described a conversion
of job shop to a just-in-time environment, resulting in labor saving, reduced customer lead-time,
and inventory reduction. With the implementation of JIT, the job shop can convert to a
continuous manufacturing process (Faizul & Lamb, 1996).
Batch Shop. The batch shop is a standardized job shop (Chase & Aquilano, 1995; Hayes
& Wheelwright, 1984). A batch shop process is implemented when the business has a reasonably
stable line of products produced in periodic batches to meet customer requirements or for
inventory (Chase & Aquilano, 1995; Hayes & Wheelwright, 1984). Brown and Mitchell (1997)
described batch shop manufacturing as involving the “….movement of large lots of goods
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between functionally specialized departments or work centers” (p. 907) with group of employees
performing similar tasks in each department and each batch having different routine and different
process requirements. A batch shop is a standardized job shop with less variety in the product
flow path (Hayes & Wheelwright, 1984). According to Susman and Chase (1986), in the typical
batch system, the parts are usually queued up at workstations. “Batch systems may be subject to
excess work in process, long lead times, scheduling problems, and large rework quantities”
(Brown & Mitchell, 1991, p. 907).
In batch production, the work planning and controlling depends on the degree of
“….complexity and uncertainty inherent in production scheduling tasks” (Reeves & Turner
1972, p. 81). Woodward (1965) found that in batch production, the way work is controlled is
important, because the link between technology and organization is not clear. In addition, the
technical center is a major source of uncertainty; consequently, coordination and standardization
are not well applicable (Reeves & Turner, 1972). Batch production processes are useful for
highly customized products in low volumes (Cooney 2002) because of the high flexibility of the
production resources (Reeves & Turner 1972). In a batch shop environment, production leadtimes are shorter, work in process is less, and forecasting batch completion is easier (Hayes &
Wheelwright, 1984).
In a decision to use batch production, the low production volume is a significant factor
(Cooney, 2002). Batch production may adopt some lean principles, but there is not a lean
transition because producing low volumes of diverse products makes it difficult to balance the
flow, and production leveling is not applicable (Cooney, 2002).
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Assembly Line. Eswaramoorthi et al. (2011) described the typical assembly line as a
group of workstations with a material handling system and operators performing the assembly
tasks in which the product is moving from workstation to workstation with a goal of achieving
continuous workflow. In an assembly line, the workstations are arranged in the needed sequence,
producing groups of highly similar products (Hayes & Wheelwright, 1984) moving from
workstation to workstation at a controlled rate (Chase & Aquilano, 1995). The assembly line
plays a significant role in both mass production and lean production (Parker, 2003).
High volume, low variety production organizations level the production schedule through
decoupling the internal supply chain from the outbound supply chain (Jina et al., 1997). A mixed
model assembly line refers to producing a variety of given products at the same time (Hayes &
Wheelwright, 1984). The Toyota final assembly lines are mixed product lines, with calculated
production per day (Sugimorit et al., 1997). In some cases, “assembly line is employed as a final
step in a long series of production activities” (Hayes & Wheelwright, 1984, p.178).
Very good performance is achieved through implementing lean in high volume, low
variety situations (Jina et al., 1997). The Toyota production system is developed to solve
problems in such an environment.
Universality of Lean Depends on Different Contextual Factors
Unit and small batch production is characterized by production schedules based on the
firm’s orders; the financial planning is a short term and relies on skills and experiences of the
labor forces (Woodward, 1965, p. 128). Implementing cellular manufacturing in small batch and
one-of-a-kind manufacturing facilities is not an acceptable solution because of the diverse
demand pattern, so Zijm and Kals (1995, p. 429) proposed using flexible planning and control to
manage those complexities. Some of the characteristics of large batch and mass production are
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longer-term planning, production schedules not dependent on firm orders, and long terms plans
made based on a sales forecast (Woodward, 1965, p. 135).
Most of the lean success stories are from companies with production technology similar
to Toyota: limited product offering, cosmetic customization, high volume, repetitive
manufacturing, and stable or predictable demand (Lander & Liker, 2007). The lean
implementations have not been as successful in low volume-high variety productions because
each job is different and production approaches cannot be standardized; characteristics of the
product create production constraints, and small firms do not possess as many resources as the
large ones, resulting in less flexibility (Pepper & Spedding, 2010). Applicability of lean
principles depends on the level of mass customization and customer’s involvement, despite the
fact that most of the lean principles and tools are applicable to most manufacturing environments
(Stump & Badurdeen, 2009).
The universality of lean applications is dependent upon business conditions (Cooney,
2002). White and Prybutok (2001) found evidence that the implementation of JIT practices is
influenced by the type of production system. According Poppendieck (2002), the principles of
lean are universal, successfully applied in many industries, and successful in improving results.
On the other hand, Shingo (1981) explained that the TPS is universally applicable after
adaptation to the characteristics of each industry or plant. Defined by Toyota, lean tools are
solving Toyota’s problems, but for a specific organization’s problems, specific tools must be
designed and implemented (Lander & Liker 2007).
Contingency Theory
“Contingency theories are a class of behavioral theory that contends that there is no one
best way of organizing/leading and that an organizational/leadership style that is effective in
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some situations may not be successful in others” (Fiedler, 1964, p./n.a.). The contingency model
is one of the major theories for leadership effectiveness (Mitchell et al., 1970). The effectiveness
of an organization is contingent upon the motivation system of the leader and the “degree to
which the situation itself gives the leader power and influence” (Fiedler, 1972, p. 454); the
different leaders perform well under different conditions. Moreover, using the contingency
model, Leister et al. (1977, p. 645) predicted that the leaders can learn how to “modify their
situational control.” The contingency model suggests that providing human relations training will
improve the leader’s ability to work better with the coworkers and will improve leader-member
relations (Fiedler, 1972). The contingency theory has led to new insights into the leadership
process (Mitchell et al., 1970). The leader’s experience is the major factor determining how
favorable one system is (Fiedler, 1972).
In order for an organization to perform well, the context and structure must somehow fit
together (Drazin & Ven, 1985), or the effectiveness of one organization is contingent on
goodness of fit between structural and environmental variables (Shenhar, 2001). “Contingency
theory assumes that the better the ‘fit’ among contingency variables (e.g., between technology
and organizational structure), the better the performance of the organization” (Weill & Olson,
1989, p. 61). Environment and strategic conditions influence the performance of one particular
organizational structure. Moreover, there is no single structure equally appropriate for all
environmental circumstances, and “no single structure will produce equally good performances
on all performance dimensions; there is typically a trade-off between short run efficiency and
effectiveness, on the one hand, and the adaptability necessary for longer term effectiveness, on
the other” (Ruekert et al., 1985, p. 19). “Each business activity should be categorized by the
characteristic of the task itself, by the nature of the environment, and by the relative importance
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of alternative performance dimensions” (Ruekert et al., 1985, p. 23). The structural characteristic
of an organizational subunit is dependent on the managerial selection switching rules contingent
on task uncertainty (Drazin & Ven, 1985). Shenhar (2001) proved that “one size does not fit all”
because the different projects have a wide range of variations, and the managerial style is
affected by technological uncertainty and system scope. Higher performing organizations have
strong relationships between structure and context (Drazin & Ven, 1985).
The success of lean is contingent on the organization’s environment context;
consequently, the lean practices will need customization to the organization’s environment
(Browning & Heath, 2009). There is not a “best approach” appropriate for all organizations, and
building a theory of lean has to take into account the moderating factor of contextual variables,
because the lean success is contingent on the organization environmental context (Browning &
Heath, 2009). For successful lean implementation, it is very important to know which of the lean
tools are relevant to which specific environment (Corbett, 2007). Grounded in the contingency
theory and in the universality of lean dependent on different contextual factors (Chapter 2), the
present study hypothesizes the following.
Appropriate Alignment
Different perspectives of the lean concept have to be taken into account when
implementing the lean approach; the organizations must find a production concept that aligns
with the contextual factors and existing production practices (Pettersen, 2009). The alignment
between context and structure is “…adherence to a linear relationship between dimensions of
context and structure” (Drazin & Ven, 1985, p. 519), and “….the degrees to which operational
elements match the business strategy” (Smith & Reece, 1998: p. 158). Moreover, alignment is
the interaction effect that the organizational context and structure have on the organizational
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performance, with purpose identifying the organizational processes effective for different context
configurations (Drazin & Ven, 1985).
The effectiveness of an organization depends on the quality of fit between structural and
environmental variables, because as contingency theory states: different external conditions may
require different organizational characteristics (Shenhar, 2001). In addition, the organization’s
performance is dependent on the internal alignment (Venkatraman & Camillus, 1984), the
alignment between the organization’s product’s market domain, technology, and organizational
structure and performance (Miles & Snow, 2003), and proper external alignment between
business and manufacturing strategy (Smith & Reece 1998). Higher-performing organizations
have stronger relationships between structure and contest than low-performing organizations
(Drazin & Ven, 1985). The alignment between operational elements and strategy is very
important for organizational performance (Smith & Reece, 1998). The alignment of appropriate
variables results in internally consistency, matching the contextual settings pattern of processes
and structure (Drazin & Ven, 1985).
Because the nature of the alignment is dependent on different contextual factors, the
different industry types have different forms of alignment (Drazin & Ven, 1985).
Summary
This chapter provides a comprehensive literature review of the lean manufacturing
philosophy, the lean tools supporting the system, the need for lean, and the three types of
production processes: job shop, batch shop, and assembly line. The next chapter provides
information on the research methods used for this study, instrument development, validation,
data collection, and data analysis.
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Chapter 3: Methods
The objectives of this chapter are to discuss the choice of research design and methods,
population and sample, instrument development, pilot testing, validation, data collection
procedure, and appropriate data analysis steps.
Research Methods
This study determined the differences in the level of utilization of the sixteen lean tools
for the three different categories of manufacturing organizations: job shop, batch shop, and
assembly line. In addition, this research investigated which lean tools play major roles for lean
implementation success in the three different categories of manufacturing organizations. In order
to identify the lean tools on which the operational performance of a firm depends, a survey
questionnaire was used for data collection. “Survey research involves acquiring information
about one or more groups of people by asking them questions and tabulating their answers”
(Leedy & Ormrod, 2005; p. 183). Developing a quality instrument is the biggest challenge in
survey research (Passmore & Parchman, 2002). Conducting an online survey has some
advantages: Anonymity facilitates sharing of the participants’ experience, and respondents
directly entered the data in the electronic file (Selm & Jankowski, 2006).
The data analysis for this study involved three major steps: data preparation, descriptive
statistics, and inferential statistics (Trochim, 2006). Use of descriptive statistics is appropriate
when exploring a possible correlation among two or more phenomena or when identifying the
characteristics of the observed phenomena (Leedy & Ormrod, 2005). Inferential statistics is
appropriate for hypothesis testing (Trochim, 2006). Therefore, for the purposes of this study,
descriptive and inferential statistical tools were used.
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This research consisted of five phases: instrument development, Q-sort pilot testing,
instrument validation, data collection, and data analysis.

Phase 1:
Instrument
development

Phase 2:
Q-sort pilot
testing

-Concept
Identification
-Items
Construction

Phase 3:
Data
Collection
-Survey

Phase 4:
Instrument
Validation

Phase 5:
Data
Analysis

-Content
validity
-Convergent
validity
-Discrimin.
validity
-Reliability

-Descriptive
Statistics
-Inferential
Statistics

Figure 4. Research phases
Population and Sample
The population is defined by Leedy and Ormrod (2005, p. 205) as “…generally homogenous
group of individual units.” The first step when conducting a study is to identify the population
(Creswell, 2009). Consequently, the population for this study was manufacturing leaders,
managers or engineers with knowledge of lean manufacturing, working for manufacturing
companies located in US, that were in some stage of implementing lean and were not involved in
any operations that could be categorized as continuous flow manufacturing. Because of the
limited number of companies in the continuous flow manufacturing setting, researchers did not
expect to collect the number of survey responses needed for data analysis.
The sampling technique used for this study was non-probability convenience sampling:
“it takes people or units that are readily available…” (Leedy & Ormrod, 2005, p. 201). The
sample for this study was manufacturing leaders, managers, and/or engineers of U.S.
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manufacturing companies, who were members of the Lean Enterprise Institute (LEI) or members
of Continuous Improvement, Six Sigma, and Lean LinkedIn groups. An introductory email and a
hyperlink to the web-based survey were posted in the LEI manufacturing forum and emailed to
700 members of the Continuous Improvement, Six Sigma, and Lean group in LinkedIn.
Instrument Development
To examine the level of use of the lean tools in the different types of manufacturing
categories and to investigate on which lean tools the perceived operational performance of the
firm and the satisfaction with the lean transformation depend, an instrument was developed. A
valid and reliable instrument that was easily understood by the sample was the goal of this step.
The four steps for instrument development, suggested by Davis (1996), included concept
identification, item construction, validity testing, and reliability testing.
Concept identification. The first step of instrument development was identifying what
the tool would measure (Davis, 1996). Moreover, according to Aladwania and Palvia (2002), the
starting point for the measuring process is conceptualization, defining the domain of construct,
and generating items representing the concepts under reflection. Therefore, based on the process
defined in Chapter 2 constructs, the proposed instrument measured (a) the level of adoption of
the sixteen different lean tools identified by the literature review: Just in Time (JIT), Continuous
Flow (CONTFL), Heijunka (HEIJ), Quick set up (QSETUP), Jidoka (JID), Poke-Yoke
(PYOKE), Andon (AND), Standardized Work (STANDW), the Five S’s (FIVES), Total
Productive Maintenance (TPM), Visual Management (VISM), Kaizen (KAIZ), Teams (TEAM),
Workers Involvement (WINV), Value Stream Mapping (VSM) and Muda elimination (MUDA);
(b) the satisfaction with the firm’s lean transformation (SATISF); and (c) the perceived
operational performance of the firm (OPPER). Moreover, questions about the company size,
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company revenue, number of employees, type of industry, and duration of the lean
implementation were added.
Items construction. The next step of instrument development was item construction,
during which a framework of the instrument was created, reflecting the content area that needed
to be tested (Davis, 1996). Based on the comprehensive review of literature in Chapter 2, a
framework of the instrument was developed (See Table 5) and, as recommended, an item format
was chosen (Davis, 1996). To reflect the purpose of this instrument, researchers selected a
Likert-type scale. When using a Likert-type scale, the responses are numerical, and the
respondents make an evaluation of the statement based on magnitude (Leedy & Ormrod, 2005).
The coding chosen for the Likert-type scale was: 1-strongly disagree, 2-disagree, 3-neutral, 4agree, and 5-strongly agree.
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Table 5
Framework of the Instrument
Constructs
Just in Time
(JIT)

Literature
Dennis, 2007; Detty and Yingling, 2000; Fang and Kleiner, 2003; Fullerton and
Watters, 2001; Fullerton et al., 2003; Faizul and Lamb, 1996; Miltenburg, 2007;
Liker, 2004; Veech, 2001

Continuous Flow
(CONTFL)

Dennis, 2007; Liker, 2004; Fullerton and Wempe, 2008; Allen, 2000; Veech,
2001; Haaster et al., 2010

Heijunka
(HEIJ)

Furmans, 2005., Haaster et al., 2010, Adler et al., 1997; Coleman and Vaghefi,
1994; Deif, 2011; Hampson, 1999; Huttmeir et al., 2009

Quick set up
(QSETUP)
Jidoka (JID)

Kilpatrick, 2003; Dennis, 2007; Detty and Yingling, 2000

Poke Yoke (PYOKE)

Melton, 2005; Dennis, 2007

Andon (AND)

Kasul and Motwani, 1997

Standardized Work
(STANDW)

Höök and Stehn, 2008; Dennis, 2007; Detty and Yingling, 2000; Melton, 2005;
Whitmore, 2008; Liker, 2004

5 S system (FIVES)

Dennis, 2007; Liker, 2004; Veech. 2001; Melton, 2005; Kilpatrick, 2003

Total Productive Maintenance
(TPM)

Dennis, 2007; Liker, 2004; Kilpatrick, 2003; Shah and Ward, 2007

Visual Management
(VISM)

Hogan, 2009; Dennis, 2007; Adler et al., 1997; Kasul and Motwani, 1997; Parry
and Turnerz, 2006; Melton, 2005; Kilpatrick, 2003

Kaizen (Continuous
Improvement; KAIZ)

Alukal, 2007; Bernett and Nentl, 2010; Adler et al., 1997; Boyer, 1996;
Sanchez and Perez, 2001; Brunet and New, 2003; Detty and Yingling, 2000;
Haak, 2006; Harari, 1997

Dennis, 2007; Haak, 2006; Haaster et al., 2010; Detty and Yingling, 2000;
Hinckley, 2007; Kasul and Motwani, 1997; Morey, 2008; Sugimorit et al., 1997;
Liker, 2004; Suzuki, 2004

Teams (TEAM)

Sanchez and Perez, 2001; Karlsson and Ahlstrom, 1996; Detty and Yingling,
2000; Haak, 2006; Dennis, 2007; Liker, 2004

Workers Involvement
(WINV)

Bodek, 2010; Fullerton and Wempe, 2008; Alukal, 2007; Dibia and Onuh, 2010;
Adler et al., 1997; Boyer, 1996; Dennis, 2007
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Value Stream Mapping
(VSM)

Dennis, 2007; Hettler, 2008; Jovag, 2011; Hettler, 2008; Pepper and Spedding,
2010; Serrano et al., 2008; Sethy and Gupta, 2005

Muda (MUDA)

Dennis, 2007; Liker, 2004, Womack and Jones, 1996

Operational Performance
(OPPERF)

Venkatrama and Ramanujam, 1986

Satisfaction with the lean
program
(SATISF)

Legris et al., 2003; Bailey and Pearson, 1983

Q-sort pilot testing. In addition to identifying ambiguous survey items, Q-sort pilot
testing was recommended for assessing content validity and convergent validity (Moore &
Benbasat, 1991). Moreover, the Q-sort pilot testing was used to assess the survey items’
readability. Professionals with experience in the fields under study served as judges in the Q-sort
pilot testing. Each judge was asked to sort the various survey items into the appropriate construct
categories (Moore & Benbasat, 1991). Two judges were needed for each round. Different pairs
of judges were used in the different sorting rounds.
Agreement between judges was measured through calculating Cohen’s Kappa (Blackman
& Koval 2000) and making an assessment over the level of agreement across the pairs of judges:
inter-judges raw agreement and placement ratio (Moore & Benbasat, 1991). High inter-judge
agreement and “correct” placement ratio assured a high degree of construct validity (Moore &
Benbasat, 1991).
According to Blackman and Koval (2000, p. 723), “Cohen's Kappa statistic is a very
well known measure of agreement between two raters with respect to a dichotomous outcome.”
A Cohen’s Kappa greater than 0.65 is an acceptable score (Todd & Benbasat, 1989; Moore &
Benbasat, 1991). According to Landis and Koch (1977), perfect agreement is achieved if
Cohen’s Kappa score is between 0.81 and 1.00.
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For the purpose of this study, four lean professionals were selected and invited to
participate as judges in the Q-sort pilot test. The lean knowledge of the professionals was
confirmed by their lean experience, lean certificates, and lean consulting experience. Structured
interviews were conducted with the first two judges, and a Cohen’s Kappa was calculated. The
agreement between judges had Cohen’s Kappa score less than 0.81; consequently, the survey
items were reduced and clarified as suggested. The second round of the Q sort testing was
conducted with the second set of judges. Reviewing and refining the survey items continued until
the agreement between judges had a Cohen’s Kappa score of at least 0.81.
Validity. Validity testing was the third step suggested by Davis (1996). Validity is the
extent to which “the instrument measure what it is supposed to measure” (Leedy & Ormrod,
2005, p. 28). For the purpose of this study, content validity, convergent validity, and discriminant
validity were tested.
Content validity is the extent to which congruence exists between the survey items
operationalizing the concept and the conceptual definitions (Davis, 1996). “Content validity
refers to how much a measure covers the range of meanings included within a concept” (Babbie,
2007, p. 147). Content validity can be assessed through a comprehensive literature review
(Davis, 1996) and Q-sort pilot testing (Moore & Banbasat, 1991). Based on the comprehensive
literature review, conceptual definitions of the constructs were defined and, in congruence with
them, the survey items were developed (Davis, 1996).
This study adjusted from the empirically validated measurement instruments for
measuring the companies’ lean implementations proposed by Shah and Ward (2007), operational
items for Just in Time (JIT), Continuous Flow (CONTFL), Total Productive Maintenance
(TPM), Workers Involvement (WINV), and Quick Set Up (QSETUP). According Shah and Ward
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(2007), the tested empirically operational measure is “reliable and meets established criteria for
assessing validity” (p. 28). In addition, one operational item from the instrument developed by
Fullerton and McWatters (2002) was modified: Just in Time (JIT).
This study developed a new measurement scale for Heijunka (HEIJ), Jidoka (JID), PokeYoke (PYOKE), Andon (AND), Standardized work (STANDW), 5S (FIVES), Visual
Management (VISM), Kaizen (KAIZ), Teams (TEAM), Value Stream Mapping (VSM), Muda
Elimination (MUDA), perceived Operational performance (OPPERF), and Satisfaction with the
lean program (SATISF). In order to assess content validity, this study employed a
comprehensive literature review (Davis, 1996) and Q-sort pilot testing (Moore & Banbasat,
1991).
Convergent validity is the extent to which two measures of the same construct are
correlated (Cunningham et al., 2001; Hair et al., 2009). “Convergent validity assesses the extent
to which the measurement items in one construct come together to form a single common
dimension” (Dobrzykowski, 2010, p. 148). If the correlation among the items is high, the
intended scale is measuring the concept (Hair et al., 2009).
Confirmatory factor analysis (CFA) is an acceptable method for evaluating convergent
validity (Cunningham et al., 2001). Bagossi (1982) recommended assessing convergent validity
with at least two measures from two different procedures. Besides the confirmatory factor
analysis, Q-sort pilot testing is another method for measuring convergent validity (Moore &
Benbasat, 1991). Consequently, the convergent validity of the proposed instrument was assessed
through two methods: confirmatory factor analysis using the SmartPLS software and Q-sort pilot
testing.
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Discriminant validity is defined as the extent to which two conceptually similar concepts
are distinct (Hair et al., 2009). In order to ensure that one construct is different from the other
related constructs, discriminant validity of the investigated constructs was evaluated (Lucas et
al., 1996). One of the suggested methods for assessing discriminant validity is through extracting
average variance (AVE; Fornell & Larcker, 1981). Next, the AVE of each construct is compared
with the estimated correlation between constructs (Segars, 1997). There is evidence of
discriminant validity if the AVE for each construct is greater than the squared correlation
between constructs (Segars, 1997). In order to assess the discriminant validity, SmartPLS
software was employed to calculate the AVE of each construct, which was compared with the
squared correlation between constructs.
Reliability. Reliability testing was the fourth step suggested by Davis (1996). Reliability
is the extent to which the measuring instrument yields the same consistent results independent of
the testing circumstances (Leedy & Ormrod, 2005, p. 29). Test-retest, Cronbach alpha, or other
tools have been used to estimate the reliability of an instrument (Leedy & Ormrod, 2005). Hair et
al. (2009) suggested using the Cronbach alpha coefficient for assessing the consistency of the
entire scale. A perfect relationship is indicated by a Cronbach alpha of 1.00, while small alpha
indicates that the performance of one item is not predictable on the performance of other items
(Davis, 1996). Hair et al. (2009) suggested that the lower limit for Cronbach alpha is 0.60. For
the purpose of this study, Cronbach alpha was calculated to assess reliability of each construct.
Human Subjects Approval
Health and human service (HHS) policy for the protection of human research subject
applies to all research involving human subjects (USDHHS, 2009). According to the EMU
Dissertation Manual (2008, p. 13), “If the doctoral students plan to use human subjects as a part
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of their research, the first step is to submit a Request for Approval of Research Involving Human
Subjects along with their dissertation proposal to the university human subjects review
committee (UHSRC) at the graduate school.” The first page of the research survey was the
informed consent: The participants were made aware of the research procedure and that they
could change their mind regarding their participation. Request for human subject approval was
submitted to the human subjects review committee, and approval was obtained (Appendix D).
Data Collection
A survey questionnaire was used for data collection. “Survey research involves acquiring
information about one or more groups of people by asking those questions and tabulating their
answers” (Leedy & Ormrod, 2005, p. 183). Selm and Jankowski (2006) suggested using online
surveys for non-probability sampling. Survey Monkey was used for the creation and electronic
distribution of the survey. The survey was anonymous; the participant names were not associated
with their responses. According to Sheehan (2001), the survey response rate is higher when a
single email contains both an introductory letter and a hyperactive link to the survey. A followup email is another method for increasing the response rate (Sheehan & Hoy, 1999). An
introductory email and a hyperlink to the web-based survey were posted in the Lean Enterprise
Institute (LEI) manufacturing forum and were emailed to 700 members of the Continuous
Improvement, Six Sigma, and Lean Group in LinkedIn.
Data Analysis
In most research, the data analysis involves three major steps: data preparation,
descriptive statistics, and inferential statistics (Trochim, 2006). Data preparation refers to
checking the data for accuracy and transforming the data (Trochim, 2006). Use of descriptive
statistics identifies the characteristics of the observed phenomena (Leedy & Ormrod, 2005).
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Univariate analysis involves the examination of one variable at a time, looking at the
distribution, the central tendency, and the dispersion (Trochim, 2006; Babbie, 2007).
Consequently, in this study the distribution of the data was determined. Next, a central tendency
as mean, median, and mode of the data distribution was estimated. Standard deviation is the most
accurate estimate of dispersion (Trochim, 2006; Babbie, 2007). Finally, the standard deviation of
the data was calculated. Inferential statistics is useful for reaching conclusions beyond the data
(Trochim, 2006). As recommended by Trochim (2006), inferential tools were used for
hypotheses testing in this study.
H1 (Null): There will be no significant difference between the degrees of utilization of
each lean tool when the companies are grouped by the three manufacturing settings: job
shop, batch shop, and assembly line.
In order to test H1, the companies were grouped based on the three manufacturing categories: job
shop, batch shop, and assembly line. This study did not include the continuous flow
manufacturing setting. Because of the limited number of companies in the continuous flow
manufacturing setting, researchers did not expect to collect the number of survey responses
needed for data analysis. In situations in which the total sample can be divided in groups based
on categorical variables, most appropriate is using cluster or discriminate analysis (Hair et al.,
2009). Therefore, a discriminant analysis was performed to distinguish the differences between
the levels of utilization of the 16 identified lean tools to the three types of manufacturing
categories. Moreover, for better visualization, the results of the analysis were plotted in
radar/spider plot.
As an example, based on the literature review and logic, a matrix with predicted results
was generated (See Table 6).
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Table 6
Expected Level of Application of the Lean Tools
Lean Tools/ Manufacturing Processes
Just in Time (JIT)
Continuous Flow (CONTFL)
Heijunka (HEIJ)
Poke –Yoke (PYOKE)
Andon (AND)
Quick Set Up (QSETUP)
Jidoka (JID)
Standardized Work (STANDW)
5S(FIVES)
Total Productive Maintenance (TPM)
Visual Management (VISM)
Kaizen(KAIZ)
Teams (TEAM)
Workers Involvement (WINV)
Value Stream Mapping (VSM)
Muda Elimination (MUDA)

Job Shop
L
L
L
L
n/a
H
L
L
H
H
H
H
H
H
L
L

Batch Shop
M
M
M
M
M
M
M
M
H
H
H
H
H
M
M
M

Assembly Line
H
H
H
H
H
L
H
H
H
H
H
H
H
L
H
H

Just in Time (JIT) implementation was expected to be low in job shop environment and
higher in batch shop and assembly line environment. One of the job shop characteristics is large
amounts of in process inventory (Hayes and Wheelwright, 1984). Moreover, JIT is very difficult
to apply to a high-level mass customization environment (Stump & Badurdeen, 2009).
Continuous flow (CONTFL) implementation was expected to be low in job shop
environment and gradually to increase in batch shop and assembly line. Continuous flow is
achieved through implementation of manufacturing cells, which are not applicable in small batch
and one of a kind manufacturing facility (Zijm, 1995). In a job shop, dominant flow pattern
cannot be distinguished (Montreuil et al., 1999).
Heijunka (HEIJ) implementation was expected to be low in job shop environment and
gradually to increase in batch shop and assembly line. In high variety production,
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implementation of Heijunka is very challenging (Huttmeir et al., 2009) because it is very difficult
to balance the flow (Cooney, 2002).
Quick Set Up (QSETUP) implementation was expected to be high in job shop and
gradually to decrease in batch shop and assembly line. According Hayes and Wheelwright
(1984), the set-ups in job shop environment are frequent, in batch shop are some, while in
assembly line are few.
Jidoka (JID) implementation was expected to be low in job shop, medium in batch shop
and high in assembly line. Job shops have many different products (high variety, low volume), so
designing error-proofing devises for a product that will run only one time is not justified.
Standardized Work (STANDW) implementation was expected to be low in a job shop
environment because of the high variety products (each job is different and production
approaches cannot be standardized [Pepper & Spedding, 2010]), moderate in batch shops, and
high in assembly line.
5S (FIVES) implementation was expected to be high in the three different processes: job
shop, batch shop, and assembly line. 5S is the first implemented tool when the lean
transformation starts (Dennis, 2007).
Total Productive Maintenance (TPM) implementation was expected to be equally high in
the three production processes: job shop, batch shop, and assembly line. TPM refers to
preventive maintenance work involving everyone working on the shop floor (Dennis, 2007) in
order to achieve reliable equipment with longer life (Kilpatrick, 2003).
Visual Management (VISM) implementation was expected to be equally high in the three
production processes: job shop, batch shop, and assembly line. Visual management is creating a
self-directing, self-explaining and self-improving workplace (Hogan 2009).
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Kaizen (KAIZ) implementation was expected to be equally high in the three production
processes: job shop, batch shop, and assembly line. Kaizen refers to employees contributing to
the company development with Muda eliminating suggestions (Boyer 1996).
Teams (TEAM) implementation was expected to be equally high in the three production
processes: job shop, batch shop, and assembly line. Teams are essential for successful lean
manufacturing, resulting in improved quality, shorter cycle time, and lower costs (Jina et al.
1997).
Workers Involvement (WINV) implementation was expected to be high in job shop
because of the higher workers skills compared to moderate in batch shop and low in assembly
line workers skills (Hayes & Wheelwright, 1984).
Value Stream Mapping (VSM) implementation was expected to be implemented at low
level in job shop, moderate in batch shop and high in assembly line processes. Because of the
high variety of products in the job shop environment, use of VSM is not justified.
Muda Elimination (MUDA) implementation was expected to be high in assembly line,
medium in batch shop and low in job shop. Some of the eight identified types of Muda are
characteristics of the job shop and batch shop processes. Parts in typical batch system are queued
up at workstations (Susman & Chase, 1986). Work-in-process inventory is large in job shop,
moderate in batch shop, and small in assembly line (Hayes & Wheelwright, 1984). Moreover,
job shops do not have finished goods inventory; in batch shop it varies; and in assembly line it is
high (Hayes & Wheelwright, 1984).
A spider plot was generated when employing the predicted values of use of the lean tools
in Statgraphics software (See Figure 5). It was expected that testing of Hypothesis 1 would result
in similar Spider Plot.
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Figure 5. Radar/Spider Plot
Second, to test Hypotheses 2 and 3, SmartPLS was used to investigate whether the type
of manufacturing setting has a moderating effect on the relationships between the lean tools and
perceived operational performance and between the lean tools and satisfaction with the lean
program.
Baron and Kenny (1986) defined moderator as “qualitative or quantitative variable that
affects the direction or the strength of the relation between an independent (predictor) variable
and a dependent (criterion) variable” (p. 1174). The fit between the independent variable and the
moderator is determining the dependent variable, mathematically represented by “Y = f (X, Z, X
• Z) where Y — performance, X = strategy and Z = the contextual variable that fits with strategy
for performance improvement; here X • Z reflects the joint effect of X and Z” (Venkatraman,
1989, p. 425). For the purposes of this research, the dependent variables were (a) perceived
operational performance and (b) satisfaction with the lean program. The independent variables
are the levels of implementation of the sixteen lean tools to the three types of manufacturing
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categories. Moderator is the type of manufacturing category for job shop, batch shop, and
assembly line. The alignment between the manufacturing category (Z) and the appropriate lean
tools (X) will be determining the dependent variables: satisfaction with lean program or
perceived operational performance (Y). A confirmatory factor analysis using Smart PLS was
performed to investigate whether the perceived operational performance and satisfaction with a
lean program are related to the alignment of appropriate lean tools with the right manufacturing
category.
Summary
This chapter described the research design and methods that were used for this study and
explained the steps used for instrument development. Moreover, the testing of instrument
validity and reliability, data collection, and data analysis were described.
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Chapter 4: Results
This chapter reports the Q-sort results, response rate, characteristics of the survey
respondents, validity and reliability estimates of the survey instrument, and the results of
hypothesis testing. The data were collected from professionals possessing knowledge of the lean
approach who worked in the manufacturing industry during July, August, and September of
2012. The survey was administered via Survey Monkey web link.
Q-Sort Results
Q-Sort pilot testing was used for assessing content validity and convergent validity,
which produced favorable results. In addition, the number of items was significantly reduced and
readability improved. All sixteen constructs were tested in two rounds. Seventy-four items
entered the first Q-sort round. The inter-judge raw agreement score was 79.72% (59/74), the
placement ratio was 79.05% (117/148), and the Cohen Kappa was 38.8% (See Appendix B).
Based on the first Q-sort round, 23 items on which the first two judges did not agree were deleted
from the survey instrument. In addition, some of the questions were rewritten as suggested.
The revised instrument was tested in the second Q-sort round. The inter-judge raw

agreement was 96.08% (49/51), the placement ratio was 91.18 percent (93/102), and the Cohen
Kappa was 87.80% (See Appendix B). The Cohen Kappa score indicated one almost perfect
agreement between the judges. The placement ratio of 91.18 indicated that the items were placed
where intended (Moore & Benbasat, 1991; See Table 7). The final 51 items were used for the

large-scale survey. The final survey instrument is located in Appendix C.
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Table 7
Inter-judges’ Agreement

Inter-judge raw agreement
Placement ratio
Cohen Kappa

Round 1

Round 2

79.72%
79.05%
38.8%

96.08 %
91.18%
87.80%

Response Rate
Surveys were distributed to two groups of professionals with knowledge of lean
practices: the members of Lean Enterprise Institute and 700 members of Continuous
Improvement, Six Sigma, and Lean Group in LinkedIn. The response rate for the Lean
Enterprise Institute (LEI) sample was calculated by dividing the number of completed surveys by
the number of LEI members who have seen the introductory letter containing the link to the
survey. The response rate for the Lean Enterprise Institute (LEI) was low because of lack of
interaction with the potential respondents. The response rate for Continuous Improvement, Six
Sigma, and Lean Group was calculated by the number of completed surveys divided by the
number of surveys e-mailed through LinkedIn to the lean professionals working in
manufacturing fields and members of the group. The response rate for the LinkedIn group was
high because each of the potential respondents was contacted individually. The survey response
rate is summarized in Table 8.
Table 8
Response Rate Summary
Lean Enterprise Institute
Continuous Improvement, Six Sigma Group
Total

Surveys

Surveys
Completed

Response Rate
in Percent

300
700
1000

59
241
300

19.7
37.9
33.3
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After reviewing the 300 completed surveys, 38 of them were deleted from the database
due to excessive missing values. Another 32 were excluded because their respondents were
based in companies outside of the US, and those do not belong to the defined population in the
study. Twenty-seven more survey responses were taken out of the study because the respondents
reported that their manufacturing setting was not categorized as a job shop, a batch shop, or an
assembly line. In addition, fourteen responses were removed from the study because the survey
respondents reported that their company had not started the lean transformation yet. Overall, 189
survey responses were used for the data analysis (See Table 9).

Table 9
Usable Surveys

Lean Enterprise
Institute
Continuous
Improv., Six
Sigma Group
Total

Completed
Surveys

Respondents
located in USA

Respondents in
JS, BS, and
AL

Company
Implementing
Lean

Overall
Usable
surveys

47/59(80%)

35/47 (74%)

27/35 (77%)

23/27 (85%)

23/59 (39%)

215/241 (89%)

195/215 (91%)

176/195 (90%)

166/176 (94%)

166/241 (69%)

262/300 (87%)

230/262 (88%)

203/230 (88%)

189/203(93%)

189/300 (63%)

Results of Demographic
Job titles of the individual respondents are displayed in Table 10. A large group of the
respondents, 40%, were company executives: 2 CEOs, 2 Global Continuous Improvement
directors, 2 Corporate lean managers, 2 VP of Operations, and 1 VP of Continuous
Improvement. The next largest group of respondents had job titles as Lean Project Manager
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(21%) and Quality Manager (19%). Thirteen percent of the survey respondents had the job title
of engineer, and 5% had other job titles.
Table 10
Job Titles of Respondents
Job titles
Director
Lean Project Manager
Quality Manager
Engineer
Plant Manager
Other
Production Manager
Operations Manager
CEO
Global CI Director
Corporate Lean Manager
VP of Operations
VP of Continuous Improvement

Respondents
41
40
36
24
21
9
5
4
2
2
2
2
1

Percentage
21.70%
21.20%
19%
12.70%
11.10%
4.80%
2.70%
2.10%
1%
1%
1%
1%
0.50%

The lean expertise of the individual respondents is displayed in Table 11. The largest
group of respondents (53%) holds Six Sigma Black Belts or Six Sigma Master Black Belts. The
Lean Certificate holders account for 13.8% of the population, and Six Sigma Green Belts holders
make up 21.7%. Survey respondents with lean experience or lean training account for 11.2%.

Table 11
Lean Expertise of Respondents
Lean Expertise
Lean Certificate
Lean Experience
Lean Training
Six Sigma Green Belt
Six Sigma Black Belt
Six Sigma Master Black Belt

Respondents
26
6
15
41
69
32

Percentage
13.8%
3.2%
8%
21.7%
36.5%
17%
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The size of the plants in which the respondents worked is displayed in Table 12. Sixtyseven percent of the respondents reported working in plants which had fewer than 500
employees, 17.7% of the respondents reported working in plants which had between 501 and
1000 employees, 10.8% of the respondents reported working in plants which had between 1001
and 5000 employees, and only 3.4% of the respondents reported working in plants which had
more than 5001 employees.
Table 12
Number of Employees
Number of Employees

Respondents

Percentage

1-100
101-250
251-500
501-1000
1001-5000
5001

33
51
43
35
20
7

17.5%
27%
22.7%
17.7%
10.8%
3.4%

The manufacturing settings used in the plants are displayed in Table 13. Job shop
manufacturing settings were used in 29.1% of the companies; batch shop-manufacturing settings
were used in 37% of the companies, and assembly line manufacturing settings were used in
33.8% of the companies.
Table 13
Processes
Process

Job shop
Batch shop
Assembly line

Respondents

Percentage

55
70
64

29.1%
37%
33.8%

The level of implementation of the lean approach of the companies is displayed in Table
14. Forty percent of the companies have implemented lean in some manufacturing processes,
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46% of the companies have implemented lean in many manufacturing processes, and 14% of the
companies have fully implemented lean.
Table 14
Level of Lean Implementation of Respondents’ Companies
Lean Implementation
Respondents
1. Implemented in some manufacturing processes.
76
2. Implemented in many manufacturing processes.
87
3. Fully implemented lean
26

Percentage
40.2%
46%
13.8%

The number of years of lean implementation is displayed in Table 15. Fifty-six percent of
the companies have been involved in a lean transition for more than five years, 20% of the
companies for between 2 and 4 years, and 20% of the respondents for less than 2 years.
Table 15
Number of Years of Lean Implementation
Years of lean transition
0-2
2.1-4
5.1 -6
6.1-10
10.1-23

Respondents
40
39
44
42
24

Percentage
20.2%
19.7%
22.2%
21.2%
12.3%

In summary, 81% of the respondents had job titles as company executive, lean project
manager, and quality manager. Fifty-eight percent of the respondents held Six Sigma Black Belts
or Six Sigma Master Black Belts, and 36% of the respondents had lean certificates or Six Sigma
green belts. All of the respondents’ companies had implemented lean in some manufacturing
process, in many manufacturing processes, or have fully implemented lean. Fifty-six percent of
the companies had been in a lean transition for more than five years.
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Instrument Validation
After the data preparation step was complete (Trochim, 2006), the measurement
instrument was tested for validity and reliability. First, as recommended by Gaskin (2012),
Exploratory Factor Analysis (EFA) was employed to determine the data structure. Second, the
PLS-SEM was employed as the best approach to assess the measurement model validity and
reliability, in cases when the latent variable’s scores are used in subsequent analysis (Hair et al.,
2012).
EFA defined sets of highly correlated variables: factors (Hair et al., 2005). The linkage of
the items to their underlying factor is described by the Principal Component Analyses (PCA; Di
et al., 2009; Dehghan, 2012). As seen in Table 16, the PCA resulted in Kaiser-Meyer-Olkin
measure of sampling adequacy of 0.904, which is a marvelous result (Gaskin, 2012). Bartlett's
Test of Sphericity proves significant result of .000 (Sig. < 0.001), indicating that the variables
relate to each other (Gaskin, 2012).

Table 16
KMO and Bartlett’s Test
KMO and Bartlett's Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
Bartlett's Test of Sphericity

Approx. Chi-Square

.904
7277.818

Df

1275

Sig.

.000

A communality is the total amount of variance, which the original variable shares with
other variables in the analysis (Hair, 2005) and the extent to which an item correlates

70

with all other items (Gaskin, 2012). The communalities of the survey’s items have values
between 0.578 and 0.884, indicating that all survey items are correlated well with each other.
The variance of the data was explained through twelve factors. To identify the variables
with the factor, the component matrix was rotated using the Varimax technique. The rotation
revealed that two questions were not placed in the right group. Consequently, one question from
the Kaizen group— “Our employees participate in rapid improvement events”—and one
question from the Five S group—“We have cleaning responsibilities assigned to the team
members”—were transferred to the Workers’ Involvement group, probably because the concepts
behind Kaizen and Workers’ involvement are overlapping and the specific Five S question is
about the involvement of the employees in the cleaning responsibility.
According to Hair et al. (2005), factor loadings greater than 0.40 are considered
significant, while loadings greater than 0.5 are considered very significant. Twenty-one survey
items had factor loadings greater than 0.70, twenty-one survey items had factor loadings between
0.50-0.70, and the remaining nine survey items had factor leadings between 0.40 and 0.50 (See
Table 17). Consequently, 42 survey items had very significant factor loadings, and nine survey
items had significant factor loading. The factor loadings confirmed the construct validity of the
survey instrument.
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Table 17

Factor
9:
Stand
Work

Facto
r 8:
Heiju
nka

Factor
7:
Visual
Manage
ment

Factor 6:
Process
improveme
nt

Factor 5:
Just In Time

Factor
4:
Jidoka

Facto
r 5:
Muda

Factor 2: Work place
organization and
maintenance

Factor 1:
Involvement of the
working in team
shop floor employee
s

#

Factor Loading
Items Cod
WINV2
WINV4
WINV3
WINV1
WINV5
TEAM1
TEAM2
TEAM3
TPM2
TPM3
TPM1
FIVES3
QSETUP1
QSETUP2
FIVES1
QSETUP3
MUDA3
MUDA1
MUDA2
JID2
JID3
JID1
JIT2
JIT4
JIT6
JIT3
JIT1
JIT5
VSM3
VSM1
VSM2
KAIZ1
KAIZ2
VISM1
VISM2
VISM3
HEDJ2
HEDJ3
HEDJ1
STANDW2
STANDW3
STANDW1

Survey Items
Our shop floor employees drive suggestions programs
Most of our shop floor employees are working in teams
Our shop floor employees lead production improvement effort
Our shop floor employees are key to problem solving
Our employees work to eliminate waste in an outgoing fashion.
We have cleaning responsibility assigned to the team members
Our shop floor employees are cross trained
Our shop floor employees change tasks within the team.
We maintain all our equipment regularly.
We maintain excellent records of all equipment maintenance related
activities.
We dedicate a portion of everyday to planned equipment maintenance
related activities.
We keep our workplace organized
Our employees achieve setups that save time.
We are working to lower setup times in our plant.
We organize our workplace with labeled positions for each tool.
We have low setup times of equipment in our plant
Everybody participates in eliminating non-value added activities.
Our workers identify non-value added activities.
We are working to minimize non-value added activities.
We detect quality deviations with automated technology.
Most inspections are done by automated technology.
We detect process deviations with automated technology.
We do not produce a product unless the customer has order it.
Production at each station is “pulled” by demand from the next station.
We produce exactly as many pieces as needed.
We link all processes to customer demand through Kanban
We use JIT with our suppliers.
We use Kanban signals for production control.
We use VSM to improve our production flow.
We use VSM to eliminate Muda.
We use VSM to improve our business processes.
Our employees participate in rapid improvement events.
Our employees suggestions are generally implemented
We use a visual board to display key information.
We use visual indicators, signs, and controllers.
We use simple signals to provide immediate understanding of the
situation.
We do not have picks and valleys in our production schedule.
Our production mix is distributed evenly over time.
Our production volume is distributed evenly over time.
We use our standards as a basis for improvement.
We change our work process standards as needed for improvement.
Our work processes are standardized.

Factor
Loading
.697
.684
.668
.626
.557
.540
.443
.439
.734
.687
.630
.518
-.496
-.446
.442
-.432
.827
.808
.749
.880
.827
.818
.755
.615
.604
.550
.528
.479
.739
.679
.630
.461
.449
.726
.705
.683
.828
.797
.741
-.797
-.733
-.608

Factor 12:
Andon

Facto
r 11:
Poke
Yoke

Factor
10:
Cont.
Flow
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CONTFL1
CONTFL2
CONTFL3
PYOKE2
PYOKE3
PYOKE1
AND1
AND3
AND2

Products are classified into groups with similar processing requirements.
Equipment is grouped to produce a continuous flow of families of
products
Families of products determine our factory layout
We use simple, inexpensive error-proofing devices.
Our poke-yoke devices are used 100% of the time.
We have poke –yoke devices designed for our work place conditions.
Everyone working on the production floor is able to stop the production
line if a defect is detected.
Our employees stop the production line if a defect is detected.
We have a device (cord or button) to stop the production line if a defect is
detected.

.749
.715
.628
.730
.621
.581
.804
.778
.643

Second, by using the PLS-SEM procedure, the confirmatory factor analysis (CFA) was
performed to confirm the factor structure that was extracted in the Exploratory Factor Analysis
(EFA; Gaskin, 2012). In addition, the PLS-SEM is the best approach for assessment of the
measurement model if the latent variable’s scores are used in subsequent analysis (Hair et al.,
2011)
In the PLS-SEM, the relationships between unobserved latent variables and their related
observed variables are specified by the outer measurement model (Henseler et al., 2009). The path

relationships between the unobserved latent variables and their related observed variables are
described by a reflective or a formative model (Henseler et al., 2009). When using PLS-SEM,

specification of the measurement model is the first step (Hair et al., 2011). “Measurement model
misspecification is an often observed phenomenon” (Henseler et al., 2009, p. 290). In the
formative measurement model, the direction of causality is from measure to the construct, while
in reflective measurement model the direction of causality is form the construct to measure
(Hoeck et al., 2010). The measurement model in this study is reflective, because the direction of
casualty is from the construct to measure. The coefficients in the PLS-SEM associated with the
reflective measurement model are called outer loadings (Hair et al., 2011). The significance of
the outer loading coefficients confirmed the results from the EFA.
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Table 18
Outer Loading Coefficient
Indicator relationship
Andon (AND)
AND1
AND2
AND3
Continuous Flow (CONTFL)
CONTFL1
CONTFL2
CONTFL3
Five S (FIVES)
FIVES1
FIVES2
Heijunka (HEIJ)
HEIJ1
HEIJ2
HEIJ3
Jidoka (JID)
JID1
JID2
JID3
Just in Time (JIT)
JIT1
JIT2
JIT3
JIT4
JIT5
JIT6
Kaizen (KAIZ)
KAIZ1
KAIZ2
Muda Elimination (MUDA)
MUDA
MUDA
MUDA
Poke Yoke (PYOKE)
PYOKE1
PYOKE2
PYOKE3
Quick Set Up (QSETUP)
QSETUP1
QSETUP2
QSETUP3
Standardized Work (STANDW)
STANDW1
STANDW2
STANDW2
Teams (TEAM)

Outer Loading
Path Coefficient

T-stat

0.877223***
0.783636***
0.844223***

30.636782
17.692996
22.731347

0.827008***
0.906083***
0.782387***

29.522150
45.020181
16.488419

0.906193***
0.913703***

46.179011
57.626450

0.893855***
0.865183***
0.878318***

43.800073
23.409770
25.639323

0.944465***
0.955204***
0.846036***

95.269737
104.825624
21.816611

0.700581***
0.697774***
0.808582***
0.815826***
0.828956***
0.707018***

13.759591
8.562793
23.468050
32.317061
31.052155
12.571980

0.887688***
0.911967***

36.833133
57.656742

0.965380***
0.958078***
0.966899***

122.527795
97.898385
115.901186

0.903696***
0.852261***
0.815502***

51.209612
29.944044
25.322729

0.882749***
0.767795***
0.782283***

50.341729
15.594564
17.472421

0.837218***
0.873734***
0.876902***

25.946189
21.163717
36.497927
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TEAM1
TEAM2
TEAM3
Total Productive Maintenance (TPM)
TPM1
TPM2
TPM3
Visual Management (VISM)
VISM1
VISM2
VISM3
Value Stream Mapping (VSM)
VSM1
VSM2
VSM3
Workers Involvement (WINV)
WINV1
WINV2
WINV3
WINV4
WINV5

0.774833***
0.911343***
0.895112***

18.101564
63.907891
47.261526

0.874114***
0.925897***
0.849836***

42.874565
73.274066
33.315466

0.905449***
0.938092***
0.901830***

43.800303
83.683513
60.658748

0.826169***
0.879980***
0.927273***

23.397614
64.174106
53.755007

0.813123***
0.885455***
0.862399***
0.702961***
0.839164***

21.658996
51.089020
43.164181
12.441757
38.447851

***Significant at p0.001

According to Hair et al. (2011), the next step of the PLS-SEM measurement assessment
was to examine the measures and to confirm that they represent the construct of interest through
assessing their reliability and validity. A composite reliability greater than 0.70 confirmed the
internal consistency reliability (Hair et al., 2011; See Table 18). The indicator reliability was
confirmed by indicator outer loadings greater than 0.70 (See Table 18).
Convergent validity was established by composite reliability (CR) greater than the
average variance extracted (AVE; Gaskin, 2012). In addition, a sufficient degree of convergent
validity was an AVE value greater than 0.50, “meaning that the latent variable explains more
than half of the indicators variances” (Hair et al., 2011, p. 145). Convergent validity was
established in three ways: (a) CR values greater than the AVE values, (b) all AVE values are
greater than 0.5 (see Table 19), and (c) as recommended by Moore and Benbasat (1991). Q-sort
pilot testing was performed for assessing convergent validity.
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Table 19
Convergent Validity
Lean Tools
Andon (AND)
Continuous Flow (CONTFL)
5S’s (FIVES)
Heijunka (HEIJ)
Jidoka (JID)
Just in Time (JIT)
Kaizen (KAIZ)
Muda Elimination (MUDA)
Poke- Yoke (PYOKE)
Quick Set Up (QSETUP)
Standardized Work (STANDW)
Teams (TEAM)
Total Productive Maintenance
(TPM)
Visual Management (VISM)
Value Stream Management (VSM)
Workers Involvement (WINV)
Andon (AND)
Continuous Flow (CONTFL)

AVE

Composite Reliability

0.6988
0.7056
0.828
0.773
0.8401
0.5487
0.8098
0.9282
0.81
0.7361
0.6602
0.8003

0.8741
0.8775
0.9059
0.9108
0.9402
0.8777
0.8949
0.9749
0.9275
0.8931
0.8531
0.9231

0.7444
0.744
0.7812
0.8377
0.7723
0.6711

0.8973
0.8967
0.9145
0.9393
0.9103
0.9101

Discriminant Validity
Discriminant validity determines whether each latent variable shares more variances with
its own manifest items than with other constructs (Fornell & Bookstein, 1982; Chin, 1998). In
the PLS path modeling, the discriminant validity is measured through the Fornell-Larcker
criterion and the cross-loading (Henseler et al., 2009, p. 299). In the Fornell-Larcker criterion,
the discriminant validity is established by the square root of a construct’s AVE greater than the
correlations between constructs (Koufteros, 1999; Koufteros et al., 2001). Found on the diagonal
of Table 20 is the bolded square root of the AVE for each construct, greater than the value of the
correlations in its corresponding row and column, which is evidence of discriminant validity. In
addition, the discriminant validity was confirmed through cross-loadings coefficients, indicating
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that there is no higher correlation with another latent variable than with its respective latent
variable (Henseler et al., 2009; See Appendix D).

Table 20
Discriminant Validity
AND

CONTF

FIVES

HEDJ

JID

JIT

KAIZ

MUDA

POKEY

QSETUP

STANDW

TEAMS

TPM

VISMAN

VSM

WINV

AND

0.836

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

CONTFL

0.337

0.84

0

0

0

0

0

0

0

0

0

0

0

0

0

0

FIVES

0.316

0.420

0.910

0

0

0

0

0

0

0

0

0

0

0

0

0

HEDJ

0.38

0.440

0.314

0.880

0

0

0

0

0

0

0

0

0

0

0

0

JID

0.359

0.345

0.305

0.402

0.917

0

0

0

0

0

0

0

0

0

0

0

JIT

0.412

0.445

0.521

0.557

0.38

0.741

0

0

0

0

0

0

0

0

0

0

KAIZ

0.370

0.36

0.537

0.247

0.337

0.423

0.900

0

0

0

0

0

0

0

0

0

MUDA

0.245

0.452

0.494

0.24

0.290

0.439

0.565

0.963

0

0

0

0

0

0

0

0

POKEY

0.410

0.413

0.455

0.441

0.499

0.527

0.466

0.329

0.858

0

0

0

0

0

0

0

QSETUP

-0.374

-0.496

-0.575

-0.379

-0.366

-0.556

-0.459

-0.381

-0.523

0.813

0

0

0

0

0

0

STANDW

-0.343

-0.415

-0.521

-0.397

-0.437

-0.520

-0.399

-0.385

-0.492

0.517

0.863

0

0

0

0

0

TEAMS

0.455

0.441

0.697

0.407

0.394

0.581

0.485

0.48

0.540

-0.632

-0.609

0.863

0

0

0

0

TPM

0.411

0.486

0.589

0.398

0.355

0.536

0.541

0.489

0.437

-0.618

-0.504

0.648

0.8839

0

0

0

VISMAN

0.439

0.438

0.571

0.345

0.391

0.52

0.541

0.493

0.587

-0.510

-0.513

0.530

0.5417

0.9153

0

0

VSM

0.316

0.431

0.472

0.274

0.331

0.489

0.631

0.570

0.397

-0.488

-0.456

0.556

0.5302

0.5258

0.879

0

WINV

0.431

0.381

0.590

0.310

0.355

0.529

0.687

0.599

0.476

-0.542

-0.530

0.697

0.5584

0.5007

0.6

0.819

* Square Root of each variables AVE is on the diagonal.
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Cronbach alpha is the coefficient assessing consistency of the entire scale (Hair et al.,
2009). A Cronbach alpha of 1.00 indicates perfect relationship, while a small alpha indicates that
the performance of one item is not predictable on the performance of other items (Davis, 1996).
The acceptable lower limit for Cronbach alpha is 0.60 (Hair et al., 2009). The reliability of the
survey instrument used for data collection in this study was confirmed by two methods: The
Cronbach alpha coefficient is greater than 0.74, and the composite reliability is greater than 0.85
(Gaskin, 2012; See Table 21).

Table 21
Cronbach Alfa Coefficient and Composite Reliability
Constructs

Cronbach Alpha

Composite Reliability

Andon (AND)
Continuous Flow (CONTFL)
5S’s (FIVES)
Heijunka (HEIJ)
Jidoka (JID)
Just in Time (JIT)
Kaizen (KAIZ)
Muda Elimination (MUDA)
Poke- Yoke (PYOKE)
Quick Set Up (QSETUP)
Standardized Work (STANDW)
Teams (TEAM)
Total Productive Maintenance (TPM)
Visual Management (VISM)
Value Stream Management (VSM)
Workers Involvement (WINV)

0.783
0.7906
0.7924
0.8568
0.9059
0.8337
0.7659
0.9614
0.8206
0.7402
0.8287
0.8254
0.8593
0.903
0.8523
0.8755

0.8741
0.8775
0.9059
0.9108
0.9402
0.8777
0.8949
0.9749
0.8931
0.8531
0.8973
0.8967
0.9145
0.9393
0.9103
0.9101

In summary, the survey instrument in this study revealed adequate reliability and validity
with respect to content validity, convergent validity, and discriminant validity. A reliable and
valid measurement of latent variables should have a composite reliability higher than 0.6, an
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indicator loadings higher than 0.7, AVE higher than 0.5, and discriminant validity (Henseler et
al., 2009).
1. Reliability was established by Cronbach alpha coefficients greater than 0.74 (Davis,
1996) and composite reliability coefficients greater than 0.85 (Gaskin, 2012).
2. Content validity was assessed through a comprehensive literature review (Davis, 1996)
and Q-sort pilot testing (Moore & Banbasat, 1991).
3. Internal consistency reliability was confirmed through a Composite reliability greater
than 0.70 (Hair et al. 2011; See Table 19).
4. Indicator reliability was confirmed by indicator outer loadings greater than 0.70 (Hair et
al. 2011; See Table 18).
5. Convergent validity was established by CR values greater than the AVE values, AVE
values greater than 0.5 (Hair et al., 2011) and Q-sort pilot testing (Moore & Benbasat,
1991).
6. Discriminant validity was established through Fornell-Larcker criterion by the square
root of a construct’s AVE, greater than the correlations between constructs (Koufteros,
1999; Koufteros et al., 2001, Hair et al., 2011), and by cross-loading indicating higher
correlation with its latent variable than with other latent variables (Henseler et al., 2009;
Hair et al., 2011; See Appendix D).
Descriptive Statistics
Descriptive statistics identify the characteristics of the observed phenomena (Leedy &
Ormrod, 2005). Univariate analysis involves the examination of one variable at time, looking at
the distribution, the central tendency, and the dispersion (Trochim, 2006; Babbie, 2007). As
recommended by Trochim (2006) and Babbie (2007), the distribution of the data was examined
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using the MatTab software’s function for distribution fitting, and the result was no perfect
normally distributed data, which is common when using Likert scale (Norman, 2010). The data
distribution is positively or negatively skewed, as seen in Table 21, because the “Likert ratings
are ordinal which in turn means that the distributions are highly skewed” (Norman, 2010, p. 4).
On the other hand, Schwab (n/a) suggested that for data analysis, accepted normality is defined
by skewness and kurtosis between -1 and 1. As seen from Table 21, all of the independent
variables have skewness between -1 and 1, and almost all of the independent variables have
kurtosis between -1 and 1. Only Quick Set Up (QSETUP), Standardized Work (STANDW), and
Kaizen (KAIZ) had kurtosis greater than 1.
Next, a central tendency as the mean, median, and mode of the data was estimated using
SPSS. The central tendency of all latent variables, which were calculated by the average of their
construct variables, is listed in Table 22. The mean, the median, the mode, the standard
deviation, and the variances were calculated for the 189 valid cases. The means of four latent
variables—Heijunka (HEIJ), Quick Set Up (QSETUP), Jidoka (JID) and Standardized Work
(STANDW)—were below 3, while their mode was 2, indicating that the lean tools represented
by the four latent variables are not used in a job shop, a batch shop, and in assembly line
manufacturing settings, while the rest of them—Just in Time (JIT), Continuous Flow
(CONTFL), Poke Yoke (PYOKE), Andon (AND), 5 S’s (FIVES), Total Productive Maintenance
(TPM), Visual Management (VISM), Kaizen (KAIZ), Teams (TEAM), Workers Involvement
(WINV), Value Stream Mapping (VSM) and Muda Elimination (MUDA)—are used in all three
manufacturing settings. In addition, Just in Time (JIT) had mode of 3.83, Poke-Yoke (PYOKE)
had mode of 3.67, and the rest of the lean tools had mode of 4. Standard deviation is the most
accurate estimate of dispersion (Trochim, 2006; Babbie, 2007). Most of the latent variables have
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a standard deviation between 0.77 and 0.98, while only two variables have a standard deviation
greater than 1: Jidoka (JID) and Muda Elimination (MUDA).

Table 22
Central Tendency of the Utilization of the Lean Tools
N
Valid
JIT
CONTFL
HEDJ
QSETUP
JID
PYOKE
ANDON
STANDW
FIVES
TPM
VISM
KAIZ
TEAM
WINV
VSM
MUDA

189
189
189
189
189
189
189
189
189
189
189
189
189
189
189
189

Missing

Mean
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

3.2063
3.7019
2.6631
2.4356
2.7425
3.2857
3.3527
2.1834
3.8704
3.5573
3.8871
3.7460
3.7407
3.5926
3.7072
3.5802

Median
3.1667
4.0000
2.6667
2.3333
3.0000
3.3333
3.3333
2.0000
4.0000
3.6667
4.0000
4.0000
4.0000
3.8000
3.6667
4.0000

Mode
3.83
4.00
2.00
2.00
2.00
3.67
4.00
2.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00
4.00

Skewness
Kurtosis
(Std.
(Std
Std. Deviation Error=0177) Error=0352)
.87013
.86017
.98270
.77498
1.08428
.88764
.99358
.76599
.79082
.91406
.78035
.83095
.79101
.83421
.87052
1.11095

-.034
-.529
.274
.790
.019
-.354
-.471
.965
-.715
-.532
-.817
-.822
-.825
-.455
-.460
-.694

Testing Hypotheses 1
Inferential statistics are useful for reaching conclusions beyond the data (Trochim, 2006).
As recommended by Trochim (2006), inferential statistics were used for hypotheses testing in
this study.
H1 (Null): There will be no significant difference between the degrees of utilization of
each lean tool when the companies are grouped by the three manufacturing settings: job
shop, batch shop, and assembly line.

-.472
-.195
-.674
1.025
-.706
.103
-.062
1.546
.679
-.122
.994
1.076
.925
-.190
-.190
-.244
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Discriminant analysis was performed to understand if there is a difference between the degrees
of utilization of the sixteen lean tools when the companies are grouped by the three
manufacturing settings: a job shop, a batch shop, and an assembly line. According to Hair et al.
(2009), discriminant analysis is useful if the dependent variable is categorical and the
independent variable is metric. “Discriminant analysis is the appropriate statistical technique for
testing the hypothesis that the group means of a set of independent variables for two or more
groups are equal” (Hair et al., 2009, p. 236). Using the SPSS software, discriminant analysis was
performed to establish whether means of the level of implementation of the lean tools for three
types of manufacturing settings are equal. When performing discriminant analysis, Hair et al.
(2009) recommended following a few steps.
Step 1: Evaluate group differences on a multivariate profile. First the means of the
level of utilization of the sixteen lean tools were calculated for the different groups and were
plotted in a spider diagram.
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Table 23
Means of Utilization of Sixteen Lean Tools in JS, BS, and AL

Job Shop, N=55

JIT
CONTFL
HEDJ
QSETUP
JID
PYOKE
ANDON
STANDW
FIVES
TPM
VISM
KAIZ
TEAM
WINV
VSM
MUDA

Mean
3.0697
3.5212
2.2667
2.6000
2.3333
2.9030
3.0970
2.4182
3.6636
3.4727
3.6909
3.4909
3.5818
3.5055
3.5879
3.3515

Std.
Deviation
.83622
.87668
.78672
.84230
1.01227
.95511
1.02374
.87540
.87694
.98275
.89086
.97890
.90089
.91640
1.03829
1.28527

Batch Shop, N=70

Mean
2.9786
3.7095
2.5190
2.4238
2.6000
3.1714
3.2190
2.2619
3.9071
3.5429
3.8000
3.7500
3.6905
3.5171
3.6714
3.6286

Std.
Deviation
.77133
.82809
.93876
.70178
.99532
.76084
.91311
.76538
.73373
.89761
.74730
.72106
.73408
.77384
.75607
1.03333

Assembly Line, N=64

Mean
3.5729
3.8490
3.1615
2.3073
3.2500
3.7396
3.7187
1.8958
4.0078
3.6458
4.1510
3.9609
3.9323
3.7500
3.8490
3.7240

Figure 6. Means of utilization of sixteen lean tools in JS, BS, and AL.

Std.
Deviation
.89328
.86461
.98667
.77733
1.05576
.76398
.95990
.55990
.74797
.87665
.64222
.75227
.72052
.81416
.82280
1.01411

Total, N=189

Mean
3.2063
3.7019
2.6631
2.4356
2.7425
3.2857
3.3527
2.1834
3.8704
3.5573
3.8871
3.7460
3.7407
3.5926
3.7072
3.5802

Std.
Deviation
.87013
.86017
.98270
.77498
1.08428
.88764
.99358
.76599
.79082
.91406
.78035
.83095
.79101
.83421
.87052
1.11095
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As seen in Figure 6, there was a visible difference between the degree of utilization of the
sixteen lean tools in a job shop, a batch shop, and assembly line manufacturing settings.
Just in Time (JIT) was not used in the job shop and batch shop (µ≈3) but is used in the
assembly line (µ=3.6). Continuous Flow (CONTFL) was used in all three manufacturing
settings: job shop (µ=3.52), batch shop (µ= 3.71) and assembly line (µ=3.85). Heijunka (HEIJ) is
not used in job shop and batch shop (µ3) but is used in assembly line (µ=3.16). Quick Set Up
(QSETUP) is not used in all three manufacturing settings (µ3). Jidoka (JID) is not used in job
shop and batch shop (µ3) but is used in assembly line (µ=3.25). Poke-Yoke (PYOKE) is not
used in job shop (µ3) but is used in batch shop (µ=3.17) and assembly line (µ=3.74). Andon
(AND) is used in all three manufacturing categories: job shop (µ=3.10), batch shop (µ=3.22) and
assembly line (µ=3.72). Standardized Work (STANDW) is not used in all three: job shop, batch
shop, and assembly line (µ3). 5S’s (FIVES), Total Productive Maintenance (TPM), Visual
Management (VISM), Kaizen (KAIZ), Teams (TEAM), Workers Involvement (WINV), Value
Stream Mapping (VSM), and Muda Elimination (MUDA; µ>3) are used in all three
manufacturing settings (See Table 23).
Second, tests of the Equality of Group Means were perfumed in order to understand if
there is a significant difference between the three groups.

88

Table 24
Tests of Equality of Group Means

JIT
CONTFL
HEDJ
QSETUP
JID
PYOKE
ANDON
STANDW
FIVES
TPM
VISM
KAIZ
TEAM
WINV
VSM
MUDA

Wilks' Lambda
.907
.977
.857
.977
.877
.850
.928
.921
.969
.994
.938
.950
.967
.982
.985
.981

F
9.552
2.179
15.539
2.149
13.003
16.354
7.250
8.018
2.983
.542
6.155
4.931
3.201
1.739
1.431
1.782

df1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

df2
186
186
186
186
186
186
186
186
186
186
186
186
186
186
186
186

Sig.
.000
.116
.000
.120
.000
.000
.001
.000
.053
.583
.003
.008
.043
.178
.242
.171

As seen in Table 24, there is a statistically significant difference between the means of
the level of utilization of Just in Time (JIT; p=0.000), Heijunka (HEIJ; p= 0.000), Jidoka (JID;
p=0.000), Poke-Yoke (PYOKE; p=0.000), Andon (AND; p= 0.001), Standardized Work
(STANDW; p=0.000), Visual Management (VISM; p=0.003), Kaizen (KAIZ; p= 0.008), and
Teams (TEAM; p= 0.043) lean tools from one manufacturing setting to another. On the other
hand, there is not a statistically significant difference between the means of the level of
utilization of Continuous Flow (CONTFL), Quick Set Up (QSETUP), Total Productive
Maintenance (TPM), Workers Involvement (WINV), Value Stream Mapping (VSM), and Muda
Elimination (MUDA) from one manufacturing setting to another, while the 5S’s (FIVES)
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(p=0.053) was very close to being significant. The significance states that there is a high
probability that the difference in means is not due to chance (Creswell, 2012).
Third, a multiple range test was performed to determine if there is a statistically
significant difference between the means of utilization of the lean tools in the different groups
when paired two by two: job shop and batch shop, job shop and assembly line, and batch shop
and assembly line manufacturing settings.
Table 25
Differences in Means Between Job Shop, Batch Shop, and Assembly Line (Multiple Range Test)
N

Andon (AND)
Continuous Flow (CONTFL)
5S’s (FIVES)
Heijunka (HEIJ)
Jidoka (JID)
Just in Time (JIT)
Kaizen (KAIZ)
Muda Elimination (MUDA)
Poke- Yoke (PYOKE)
Quick Set Up (QSETUP)
Standardized Work (STANDW)
Teams (TEAM)
Total Productive Maintenance (TPM)
Visual Management (VISM)
Value Stream Management (VSM)
Workers Involvement (WINV)

189

Job shopBatch Shop
0.0907403

Batch shopAssembly line
-0.594411***

Job shopAssembly line
-0.50367**

189

-0.188156

-0.140103

-0.328259*

189

-0.252779

-0.642576***

-0.895355***

189

0.175818

0.117125

0.292943

189

-0.266325

-0.649857***

-0.916182***

189

-0.268117

-0.568429***

-0.836545***

189

-0.121662

-0.500179**

-0.621841**

189

0.156468

0.365933**

0.52240***1

189

-0.243506

-0.10067

-0.344176*

189

-0.0702727

-0.103562

-0.173835

189

-0.109442

-0.350536**

-0.459977**

189

-0.259091

-0.210938

-0.470028**

189

-0.109

-0.241188

-0.350187*

189

-0.0116883

-0.232857

-0.244545

189

-0.0845455

-0.177219

-0.261764

189

-0.277364

-0.09475

-0.372114

***p 0.000, **p 0.01, *p 0.05

There is no statistically significant difference between the means of the level of
utilization of the lean tools in job shop-batch shop groups. There is a statistically significant
difference between the means of the level of utilization of Just in Time (JIT; p 0.000), Heijunka
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(HEIJ; p 0.000), Jidoka (JID; p 0.000), Poke-Yoke (PYOKE; p 0.000), Andon (AND; p
0.01), Standardized Work (STANDW; p 0.01), and Visual Management (VISM; p 0.01) lean
tools in the batch shop-assembly line groups. There is a statistically significant difference
between the means of the level of utilization of JIT (p 0.01), Continuous Flow (CONTFL; p
0.05), Heijunka (HEIJ; p 0.000), Jidoka (JID; p 0.000), Poke-Yoke (PYOKE; p 0.000),
Andon (AND; p 0.01), Standardized Work (STANDW; p 0.000), 5S’s (FIVES; p 0.05),
Visual Management (VISM; p 0.01), Kaizen (KAIZ; p 0.01), and Teams (TEAM; p 0.05)
lean tools in the batch shop-assembly line groups (See Table 25). Consequently, based on the
three types of analysis, there are proven group differences on a multivariate profile.
Step 2: Research design and sample size. Three groups discriminant analysis was
performed. The three types of manufacturing settings—job shop, batch shop, and assembly
line—were used as a categorical dependent variable. “The most appropriate independent
variables are those that differ across at least two of the groups of the dependent variable” (Hair et
al. 2009, p. 249). The independent variables that significantly differed across the groups were
Just in Time (JIT), Heijunka (HEIJ), Jidoka (JID), Poke-Yoke (PYOKE), Andon (AND),
Standardized Work (STANDW), Visual Management (VISM), Kaizen (KAIZ), and Teams
(TEAM).
Hair et al. (2009) recommend using a ratio of the sample size to the number of predictor
variables, with value of 20. The sample size in this study is 189 observations. The independent
variables that differ across at least two of the groups are nine. The ratio of observations to
predictors variables is 189/9=21, which is larger than the suggested ratio value of 20. In addition,
the discriminant analysis requires the sample size of each group to be at least 20 observations
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(Hair et al., 2009). The number of cases in the smallest group (job shop), is 55 cases, which is
larger than the suggested number of 20 cases.
Step 3: Assumptions of discriminant analysis. The first assumption is normality of
independent variables (Hair et al., 2009). Standardized Work (STANDW) had kurtosis of 1.546;
consequently, the variable was transformed to acceptable normality with a logarithmic
transformation. In addition, Kaizen (KAIZ) had kurtosis of 1.076, but neither transformation
transformed the variable to acceptable normality. A caution should be added to the findings
(Schwab, n/a).
The second assumption is “unknown, but equal dispersion and covariance structure for
the groups as defined by the dependent variable” (Hair et al. 2009, p. 251). The equal dispersion
is tested with Box’s M test. The non-significant probability level indicates that differences
between the group covariance matrices do not exist (Hair et al. 2009). The Box’s M test resulted
in Box’s M of 18.812, F of 1.529, and significance of 0.106, which is greater than 0.05,
indicating that the dispersion and population covariance matrices are equal.
Step 4: Estimation of the discriminant model, assessing overall fit and interpretation
of the results. First, the classification accuracy was calculated before removing the outliers. The
result was 49.2% of cross-validated grouped cases, correctly classified. As recommended by
Schwab (n/a), the critical value for Mahalanobis D2 was calculated. Five cases with Mahalanobis
D2 larger than the critical value of 23.1 were removed from the analysis. The new classification
accuracy was 53% of cross-validated grouped cases correctly classified.
“Stepwise method is useful when the researcher wants to consider a relatively large
number of independent variables for inclusion in the function” (Hair et al., 2009, p. 254). Nine
independent variables, significantly different across the three groups, were identified in this
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study, so stepwise method was performed as the most appropriate. In the stepwise method, at
each step, the variable that maximizes the Mahalanobis distance between the two closest groups
is entered (SPSS, 2012). The two closest groups with no significant difference between them are
job shop and batch shop groups.

Table 26
Variables Entered/Removed

Variables Entered/Removeda,b,c,d
Min. D Squared
Exact F
Step

Entered

Statistic

Between Groups

Statistic

df1

df2

Sig.

1

KAIZ

.093

1 and 2

2.715

1

180.000

.101

2

JIT

.157

1 and 2

2.279

2

179.000

.105

3

HEDJ

.247

1 and 2

2.379

3

178.000

.071

At each step, the variable that maximizes the Mahalanobis distance between the two closest groups is entered.

a. Maximum number of steps is 18.
b. Maximum significance of F to enter is .05.
c. Minimum significance of F to remove is .10.
d. F level, tolerance, or VIN insufficient for further computation.

As shown in Table 26: Variables Entered/Removed, Heijunka (HEIJ; D2=0.247) is the
best predictor, followed by Just in Time (JIT; D2=0.157) and Kaizen (KAIZ; D2=0.0.93). Those
three variables are included in the model to get the best possible prediction. Those three variables
describe the differences between job shop and batch shop manufacturing settings.
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Table 27
Wilks’ Lambda
Wilks' Lambda
Exact F

Step

Number of
Variables

Lambda

df1

df2

df3

Statistic

df1

df2

Sig.

1
2
3

1
2
3

.945
.867
.810

1
2
3

2
2
2

180
180
180

5.264
6.608
6.613

2
4
6

180.000
358.000
356.000

.006
.000
.000

The model is the best fit of data with just one predictor, two predictors, or with all three
predictors. The Wilks’ Lambda is statistically significant for all three options, which means that
all three predictors add predictive power to the discriminant function (Table 27). Discriminant
analysis estimated one less discriminant function than there are groups (Hair et al., 2009; See
Table 28).

Table 28
Eigenvalues of Functions 1 and 2

Function
1
2

Eigenvalues
% of Variance

Eigenvalue
a

.193
.035a

Cumulative %

84.6
15.4

Canonical Correlation
84.6
100.0

.402
.185

a. First 2 canonical discriminant functions were used in the analysis.

Table 29
Wilks’ Lambda of Functions 1 and 2

Test of Function(s)
1 through 2
2

Wilks' Lambda

Wilks' Lambda
Chi-square
.810
.966

37.827
6.206

Df

Sig.
6
2

.000
.045
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The stepwise analysis identified two statistically significant discriminant functions. The
Wilks’ lambda statistics for the test of function 1 through 2 (chi-square=37.827) had a significant
probability of 0.000. The Wilks’ lambda statistics for the test of function 2 (chi-square= 6.206)
had a significant probability of 0.045 (See Table 29).
The squared canonical correlation’s value suggests the percent of the variation in the
grouping variable, which the model explains (Agresti, 1996). “Wilks’ lambda also shows the
proportion of the total variance in the discriminant scores not explained by differences among the
groups” (Leles et al., 2009, p. 911). Values of Wilks’ lambda close to one indicate small
differences between the dispersions (Lopez & Sanchez, 2009). The result is not surprising due to
their being no significant difference between the level of utilization of the lean tools in job shop
and batch shop manufacturing categories.
Table 30
Discriminant Function Coefficients

JIT
HEDJ
KAIZ

Standardized Canonical Discriminant Function Coefficients
Function
1
2
.284
-1.079
.706
.459
.312
.751

The predictive equations for both functions are (See Table 30):
DF1=0.284*JIT+0.706*HEDJ+0.312*KAIZ
DF2= -1.079 *JIT+0.459*HEDJ +0.751*KAIZ (Cook, 2010)
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Table 31
Functions at Group Centroids
Functions at Group Centroids
Function
PROCESS
Job Shop
Batch Shop
Assembly Line

1
-.422
-.232
.592

2
-.244
.215
-.045

Unstandardized canonical discriminant functions evaluated at group means

Function 1 separates the assembly line (the positive value of .592) from job shop
(negative value of -0.422) and batch shop (negative value of -0.232) settings. Function 2
separates batch shop (the positive value of .215) from job shop (negative value of -0.244) and
assembly line (negative value of -0.145) settings (See Table 31).

Table 32
Prior Probabilities for Groups
Prior Probabilities for Groups
Cases Used in Analysis
PROCESS

Prior

Unweighted

Weighted

1
2
3
Total

.273
.383
.344
1.000

50
70
63
183

50.000
70.000
63.000
183.000

If the cross-validated classification accuracy rate is significantly higher than the accuracy
attainable by chance alone, means that the independent variables are useful predictor of
membership in the groups defined by the dependent variables (Schwab, n/a). Schwab (n/a)
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suggested calculating the proportional by chance accuracy rate by squaring and summing the
proportion of cases in each group from the table of prior probabilities for groups:
(0.2732+0.3832+0.3442 =0.3395; See Table 32).
Table 33
Classification Results
Classification Resultsb,c
Predicted Group Membership
PROCES
Original

Cross-validateda

S

1

2

3

Total

Count

1
2
3

19
9
3

20
40
21

11
21
39

50
70
63

%

1
2
3

38.0
12.9
4.8

40.0
57.1
33.3

22.0
30.0
61.9

100.0
100.0
100.0

Count

1
2
3

18
9
3

21
40
21

11
21
39

50
70
63

%

1
36.0
42.0
22.0
100.0
2
12.9
57.1
30.0
100.0
3
4.8
33.3
61.9
100.0
a. Cross validation is done only for those cases in the analysis. In cross validation, each case is classified by the
functions derived from all cases other than that case.
b. 53.6% of original grouped cases correctly classified.
c. 53.0% of cross-validated grouped cases correctly classified.

An acceptable cross-validated classification accuracy rate should be 25% or more, higher
than the proportional by chance accuracy rate (Schwab, n/a). The cross-validated accuracy rate
computed by SPSS was 53.0 percent, which was greater than the proportional by chance
accuracy criteria of 42.44% (1.25 x 33.95 = 43.7%; See Table 33). The criterion for classification
accuracy is satisfied.
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Batch Shop

Assembly Line

Job Shop

Figure 7. Territorial Map
Consequently, the H1 (Null) “There will be no significant difference between the degrees
of utilization of each lean tool when the companies are grouped by the three manufacturing
settings: Job shop, Batch shop and Assembly line” is rejected for Just in Time (JIT), Heijunka
(HEIJ), Jidoka (JID), Poke-Yoke (PYOKE), Andon (AND), Standardized Work (STANDW),
Visual Management (VISM), Kaizen (KAIZ) and Teams (TEAM), which are with significantly
different means of utilization in the three groups. Moreover, taken into account that there is no
statistically significant difference between the means of utilization of the lean tool in the job
shop-batch shop group, the discriminant analysis identified two discriminant functions between
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the three groups under investigation (Figure 7). The discriminant functions revealed significant
relationship between the three groups—a job shop, a batch shop, and an assembly line—and the
lean tools contributing most to the group separation: Heijunka (HEIJ), Just in Time (JIT), and
Kaizen (KAIZ).
Testing Hypothesis Two and Three
When the research objectives are theory development or prediction, the preferred analysis
method is PLS (Hair et al., 2011). A PLS method was used for testing Hypothesis 2, asking if the
type of manufacturing setting has a significant moderating effect on the relationship between the
lean tools and the operational performance as perceived by the respondents. A PLS method was
also used for testing Hypothesis 3, which asks if the type of manufacturing setting has a
significant moderating effect on the relationship between the lean tools and the managers’
satisfaction with the lean program as perceived by the respondents. Validity and reliability of the
measurement model were assessed (Hair et al., 2011) and reported in the instrument validation
section of Chapter 4. The next step is calculating the inner path model (Hair et al. 2011). The
inner path model specifies the relationships between unobserved variables (Hensler, 2010) and
refers to “the number of path relationships directed at a particular construct” (Hair et al., 2012, p.
420).
PLS and moderating effect. Baron and Kenny (1986) defined moderator as a
“qualitative or quantitative variable that affects the direction or the strength of the relation
between an independent (predictor) variable and a dependent (criterion) variable” (p. 1174). The
causes of moderating effects are called “moderator variables” or just “moderators” (Henseler &
Fassott, 2010). Partial least squares (PLS) path modeling is suitable for testing moderating
effects (Dijkstra & Henseler, 2011). “When the moderator variable is categorical (as, e. g., sex,

99

race, class) it can be used as a grouping variable without further refinement” (Henseler &
Fassott, 2010, p. 720). The moderator variable in this study is categorical (manufacturing
category: a job shop, a batch shop, and an assembly line) and is used as grouping variable. As
recommended by Henseler and Fassott (2010), multiple group analysis was performed. First, a
model with the direct effects was estimated for the main model without the moderating effect.
Second, after the observations were grouped by the manufacturing category—job shop, batch
shop, and assembly line—the model with the direct effects was estimated separately for each
group of observations. “Differences in the model parameters between the different data groups
are interpreted as moderating effects” (Henseler & Fassott, 2010; p. 720). Analyzing the
moderating effect required two steps: (a) testing “whether the path coefficient capturing the
moderating effect differs significantly from zero” and (b) assessing the strength of the identified
moderating effect (Henseler & Fassott, 2010).
Step 1: Determine the significance of moderating effects. As recommended by Chain
(2010), a T-test based on the estimates and standard errors generated by bootstrapping was
executed (Yi & Gong, 2010). T-test was the primary approach for group comparison (Keil et al.,
2000). “In the case of group comparisons, the researcher is interested in whether certain path
coefficients differ across groups” (Henseler & Fassott, 2010, p. 730). Bootstrap resampling
analysis was conducted in order to obtain the significance of the differences between the path
coefficients in the different groups. The number of cases were set to be equal to the number of
observations in the original sample (Hair et al., 2011). The critical t values for a two-tailed test
are 1.65 for significance levels that equal 10%, 1.96 for significance levels that equal 5%, and
2.58 for significance levels that equal 1% (Hair et al., 2011).
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Table 34
Perceived Operational Performance, Path Coefficient, and T-Statistic
T
OPPERF All
Statistics
Path
All
coefficient

OPPERF
T
Job shop Statistics
Path
Job shop
coefficient

OPPERF
T
T
OPPERF
Batch Shop Statistics
Statistics
Assembly Line
Path
Batch
Assembly
Path coefficient
coefficient
shop
Line

AND

-0.068155

1.126116

-0.034245

0.404212

-0.054981

0.468839

0.110906

0.670141

CONTFL

-0.013460

0.238095

-0.010606

0.123620

0.018096

0.135708

-0.044770

0.393405

FIVES

0.034659

0.471431

-0.112160

0.934603

-0.044910

0.301841

0.336747

1.638077

HEDJ

0.069313

1.395758

0.108583

1.611218

0.097016

0.571843

0.095864

0.718843

JID

0.004586

0.097762

-0.025258

0.300346

-0.090058

0.877738

0.103077

0.894746

JIT

0.011999

0.168822

0.070653

0.690563

-0.146609

1.160259

0.164352

1.002056

KAIZ

0.004845

0.064102

-0.062136

0.486912

0.030675

0.232004

0.117436

0.728235

MUDA

0.258483***

0.304932**

2.120111

0.189797

1.481658

PYOKE

-0.070640

1.164158

0.582526

-0.138707

1.062338

-0.031848

0.301452

QSETUP

-0.048820

0.695072 -0.238181* 1.902134

0.197955

1.466122

-0.065078

0.349129

STANDW

-0.025434

0.347686

0.072864

0.701521 -0.397256*** 2.667475

0.319406**

2.465131

TEAM

-0.051764

0.641822

-0.064244

0.471210

-0.017878

0.118232

-0.267945

1.127320

TPM

0.097675

1.289909

0.026824

0.200703

0.142351

1.162062

0.046393

0.324893

VISM

0.117006*

1.713482

0.105979

0.958570

0.031291

0.200680

-0.007115

0.054290

VSM

0.142564**

2.189890

0.196648

1.581094

0.152615

1.120590

0.226371*

1.821356

WINV

0.414434***

4.423209 0.522829*** 3.496109 0.434641*** 2.582732

0.286799

1.544459

3.621143 0.236774** 2.173435
-0.055809

*Significant at p ≤0.1
**Significant at p ≤0.05
*** Significant at p ≤0.01

First, the direct effect path coefficient for the main model without the moderating effect
was estimated, and the significance of the path coefficients was examined by performing a
bootstrapping analysis. Statistically significant is the coefficient for the path from MUDA to
OPPERF (β=0.258483***, t=3.621143or p=0.01), from VISM to OPPERF (β=0.117006*,
t=1.713482 or p=0.10), from VSM to OPPERF (β=0.142564**, t=2.189890 or p=0.05), and from
WINV to OPPERF (β=0.414434***, t=2.189890 or p=0.05; See Table 34).
Second, the direct effect path coefficient was estimated only for the job shop model. The
significance of the path coefficients was examined by performing a bootstrapping analysis.
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Statistically significant is the coefficient for the path from MUDA to OPPERF (β=0.236774,
t=2.173435 or p=0.05), from WINV to OPPERF (β=0.522829, t= 3.496 or p=0.01), and
QSETUP (β=-0.238181, t= 1.902134 or p=0.10), while the results for the path from HEDJ to
OPPERF (β= 0.108583, t= 1.611218) and from VSM to OPPERF (β= 0.196648, t= 1.581094)
are very close to significant.
Third, the direct effect path coefficient was estimated only for the batch shop model. The
significance of the path coefficients was examined by performing a bootstrapping analysis.
Statistically significant is the coefficient for the path from MUDA to OPPERF (β=0.236774,
t=2.120111or p=0.05), STANDW to OPPERF (β=0.397256***, t=2.667475 or p=0.01), and
WINV to OPPERF (β=0.434641***, t= 2.582732or p=0.01), while the results for the path from
QSETUP to OPPERF (β= 0.197955, t= 1.466122) are very close to significant.
Fourth, the direct effect path coefficient was estimated only for the assembly line model.
The significance of the path coefficients was examined by performing a bootstrapping analysis.
Statistically significant is the coefficient for the path from STANDW to OPPERF
(β=0.0.319406**, t=2.465131or p=0.05) and from VSM to OPPERF(β=0.226371*, t= 1.821356
or p=0.10), while the results for the path from FIVES to OPPERF (β= 0.336747, t= 1.638077),
from MUDA to OPPERF (β= 0.189797, t= 1.481658), and from WINV to OPPERF (β=
0.286799, t= 1.544459) are very close to significant.
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Table 35
Satisfaction with the Lean Program, Path Coefficient, and T-Statistic

SATISF All
Path
coefficient

T
Statistics
All

SATISF
Job Shop
Path
coefficient

T
Statistics
Job Shop

SATISF
Batch Shop
Path
coefficient

T
Statistics
Batch
Shop

SATISF
Assembly
Line
Path
coefficient

T Statistics
Assembly
Line

AND

-0.01714

0.25461

-0.12388

0.828221

-0.00124

0.010292

0.106164

0.638687

CONTFL

0.129047

1.49186

0.004565

0.029998

-0.22157*

1.748651

0.385634**

2.423373

FIVES

-0.02389

0.281138

-0.14099

0.626949

0.032057

0.180606

0.061629

0.351637

HEDJ

0.03164

0.489685

0.2293*

1.757913

0.013638

0.118586

-0.17618

0.972079

JID

-0.02737

0.467527

-0.11814

0.831186

0.131883

1.212365

-0.05532

0.416998

JIT

0.068911

0.9002

0.041305

0.247616

0.107736

0.882324

0.297097

1.315472

KAIZ

0.051176

0.516525

0.292192

1.285892

-0.13348

0.828779

0.106431

0.484066

MUDA

0.03973

0.508552

0.16382

0.80512

0.151184

1.108891

-0.11803

0.775903

PYOKE

-0.01421

0.185345

-0.07644

0.529373

0.129553

0.990006

-0.14426

0.814672

QSETUP

-0.06881

0.779541

-0.2607

1.27001

-0.08737

0.658403

-0.10185

0.454726

STANDW

0.012809

0.149423

-0.11437

0.478825

-0.12359

0.846612

0.094812

0.528993

TEAM

0.157453

1.415461

0.231816

0.915596

-0.12074

0.72583

0.290601

1.080544

TPM

0.047079

0.607119

-0.04121

0.182376

0.136204

0.936075

0.035803

0.188153

VISM

0.259103***

2.578752

0.120196

0.575314

0.245837

1.389948

0.096473

0.540956

VSM

0.096786

1.191904

0.165677

0.715301

0.081616

0.488922

0.014255

0.089012

0.128218
WINV
*Significant at p ≤0.1
**Significant at p ≤0.05
*** Significant at p ≤0.01

1.152364

-0.10847

0.354536

0.357362*

1.880079

-0.04327

0.154435

First, the direct effect path coefficient was estimated for the main model without the
moderating effect, and the significance of the path coefficients was examined by performing a
bootstrapping analysis. Statistically significant is the coefficient for the path from VISM to
SATISF (β=0.259103***, t=2.578752, p=0.01; See Table 35).
Second, the direct effect path coefficient was estimated only for the job shop model. The
significance of the path coefficients was examined by performing a bootstrapping analysis.

103

Statistically significant is the coefficient for the path from HEDJ to SATISF (β=0.2293*,
t=1.757913, p=0.10).
Third, the direct effect path coefficient was estimated only for the batch shop model. The
significance of the path coefficients was examined by performing a bootstrapping analysis.
Statistically significant is the coefficient for the path from CONTFL to SATISF (β=0.22157*,
t=1.748651, p=0.10) and from WINV to SATISF (β=0.357362*, t= 1.880079, p=0.1).
Fourth, the direct effect path coefficient was estimated only for the assembly line model.
The significance of the path coefficients was examined by performing a bootstrapping analysis.
Statistically significant is the coefficient for the path from CONTFL to SATISF (β=0.385634**,
t=2.423373 or p=0.05), while the results for the path from JIT to SATISF (β= 0.297097, t=
1.315472) are very close to significant.
Step 2: Determining the strength of moderating effects. “Differences in the model
parameters between the different data groups are interpreted as moderating effects” (Henseler &
Fassott, 2010: p. 720). Hair et al. (2011) described exogenous variables as latent constructs
without structural path relationships, while the endogenous variables are the target constructs,
explained through the structural model relationships. In Figure 8, the influence of the exogenous
variable on the endogenous variable, without moderating effect, is described by the coefficient b.
The path coefficient d indicates the extent to which the exogenous variable’s influence on the
endogenous variable changes because of the moderating effect (Henseler & Fassott, 2010;
Henseler et al., 2009).
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Figure 8. Detecting a moderating effect (d) through group comparisons. Source: Henseler and
Fassott, 2010, p. 721.
As recommended by Henseler and Fassott (2010), the moderating effect d was detected
through group comparison of the path coefficients for the different manufacturing categories and
calculated by d =b (1) -b (2). The moderating effect d of the different manufacturing categories on
the perceived operational performance was calculated (See Table 36).
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Table 36
Moderating Effect d, for Perceived Operational Performance
OPPERF All OPPERF JS
Path
Path
coefficient
coefficient
(b1)
(b2)

Job Shop
D=b2-b1

OPPERF BS
Path
coefficient
(b3)

Batch Shop
D=b3-b1

OPPERF AL
Path
coefficient
(b4)

Assembly
Line
D=b4-b1

AND

-0.068155

-0.034245

0.03391

-0.054981

0.013174

0.110906

0.179061

CONTFL

-0.013460

-0.010606

0.002854

0.018096

0.031556

-0.044770

-0.03131

FIVES

0.034659

-0.112160

-0.14682

-0.044910

-0.07957

0.336747

0.302088

HEDJ

0.069313

0.108583

0.03927

0.097016

0.027703

0.095864

0.026551

JID

0.004586

-0.025258

-0.02984

-0.090058

-0.09464

0.103077

0.098491

JIT

0.011999

0.070653

0.058654

-0.146609

-0.15861

0.164352

0.152353

KAIZ

0.004845

-0.062136

-0.06698

0.030675

0.02583

0.117436

0.112591

MUDA

0.258483***

0.236774**

-0.02171

0.304932**

0.046449

0.189797

-0.06869

PYOKE

-0.070640

-0.055809

0.014831

-0.138707

-0.06807

-0.031848

0.038792

QSETUP

-0.048820

-0.238181**

-0.18936

0.197955

0.246775

-0.065078

-0.01626

STANDW

-0.025434

0.072864

0.098298

-0.397256***

-0.37182

0.319406**

0.34484

TEAM

-0.051764

-0.064244

-0.01248

-0.017878

0.033886

-0.267945

-0.21618

TPM

0.097675

0.026824

-0.07085

0.142351

0.044676

0.046393

-0.05128

VISM

0.117006*

0.105979

-0.01103

0.031291

-0.08572

-0.007115

-0.12412

VSM

0.142564**

0.196648

0.054084

0.152615

0.010051

0.226371*

0.083807

0.522829***

0.108395

0.434641***

0.020207

0.286799

-0.12764

WINV
0.414434***
*Significant at p ≤0.1
**Significant at p ≤0.05
*** Significant at p ≤0.01

The path coefficients between the lean tools and OPPERF All described the effect of
different lean tools on the perceived operational performance when the moderator variable is
zero. The path coefficients between the lean tools and OPPERF job shop described the effect of
the lean tools on the perceived operational performance for a job shop manufacturing settings.
The path coefficient d was calculated as a difference between the path coefficients without
moderator and the job shop’s path coefficients. The positive path coefficient d indicated positive
moderating effect, while the negative path coefficient d indicated negative moderating effect.
The job shop has a positive moderating effect on the interaction between the lean tools and
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perceived operational performance for Andon (AND), Continuous Flow (CONTFL), Heijunka
(HEIJ), Just in Time (JIT), Poke-Yoke (PYOKE), Standardized Work (STANDW), Value Stream
Mapping (VSM), and Workers Involvement (WINV).
Path coefficients between the lean tools and perceived operational performance in batch
shop setting described the effect of the lean tools on the perceived operational performance for
batch shop manufacturing settings. The path coefficient d was calculated as a difference between
the path coefficients without moderator and the batch shop’s path coefficients. The batch shop
manufacturing setting had a positive moderating effect on the interaction between the lean tools
and perceived operational performance for Andon (AND), Continuous Flow (CONTFL),
Heijunka (HEIJ), Kaizen (KAIZ), Muda Elimination (MUDA), Quick Set Up (QSETUP), Teams
(TEAM), Total Productive Maintenance (TPM), Value Stream Mapping (VSM), and Workers
Involvement (WINV).
The path coefficients between the lean tools and perceived operational performance in the
assembly line settings described the effect of the lean tools on the perceived operational
performance for assembly line manufacturing settings. The path coefficient d was calculated as a
difference between the path coefficients without moderator and the assembly line path
coefficients. The assembly line manufacturing setting had a positive moderating effect on the
interaction between the lean tools and perceived operational performance for Andon (AND), 5S’s
(FIVES), Heijunka (HEIJ), Jidoka (JID), Just in Time (JIT), Kaizen (KAIZ), Poke-Yoke
(PYOKE), Standardized Work (STANDW), and Value Stream Mapping (VSM).
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Table 37
Moderating Effect, Satisfaction with the Lean Program

SATISF All
Path
coefficient
(b1)

SATISF JS
Path
coefficient
(b2)

Job Shop
D=b2-b1

SATISF
BS
Path
coefficient
(b3)

Batch
Shop
D=b3-b1

SATISF AL
Path
coefficient
(b4)

Assembly
Line
D=b4-b1

AND

-0.017138

-0.12388

-0.106742

-0.00124

0.015898

0.106164

0.123302

CONTFL

0.129047

0.004565

-0.124482

-0.22157*

-0.350618

0.385634**

0.256587

FIVES

-0.023894

-0.140987

-0.117093

0.032057

0.055951

0.061629

0.085523

HEDJ

0.03164

0.2293*

0.19766

0.013638

-0.018002

-0.17618

-0.20782

JID

-0.027368

-0.118142

-0.090774

0.131883

0.159251

-0.05532

-0.027949

JIT

0.068911

0.041305

-0.027606

0.107736

0.038825

0.297097

0.228186

KAIZ

0.051176

0.292192

0.241016

-0.133477

-0.184653

0.106431

0.055255

MUDA

0.03973

0.16382

0.12409

0.151184

0.111454

-0.11803

-0.157762

PYOKE

-0.014205

-0.076441

-0.062236

0.129553

0.143758

-0.14426

-0.13005

QSETUP

-0.068809

-0.260698

-0.191889

-0.087367

-0.018558

-0.10185

-0.03304

STANDW

0.012809

-0.11437

-0.127179

-0.123588

-0.136397

0.094812

0.082003

TEAM

0.157453

0.231816

0.074363

-0.120737

-0.27819

0.290601

0.133148

TPM

0.047079

-0.041214

-0.088293

0.136204

0.089125

0.035803

-0.011276

VISM

0.259103***

0.120196

-0.138907

0.245837

-0.013266

0.096473

-0.16263

VSM

0.096786

0.165677

0.068891

0.081616

-0.01517

0.014255

-0.082531

WINV

0.128218

-0.108469

-0.236687

0.357362*

0.229144

-0.04327

-0.171491

*Significant at p ≤0.1
**Significant at p ≤0.05
*** Significant at p ≤0.01

The path coefficients between the lean tools and managers’ satisfaction with the lean
program for all described the effect of different lean tools on the satisfaction with the lean
program when the moderator variable is zero. The path coefficients between the lean tools and
managers’ satisfaction with the lean program for job shop setting described the effect of the lean
tools on the satisfaction with the lean program for job shop manufacturing settings. The path
coefficient d was calculated as a difference between the path coefficients without moderator and
the job shop’s path coefficients. The job shop has a positive moderating effect on the interaction
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between the lean tools and the satisfaction with the lean program for HEIJ (d= 0.19766), MUDA
(d=0.12409), KAIZ (d=0.241016), TEAM (d= 0.074363), and VSM (d=0.068891; See Table
37).
The path coefficients between the lean tools and managers’ satisfaction with the lean
program in the batch shop setting described the effect of the lean tools on the satisfaction with
the lean program for batch shop manufacturing settings. The path coefficient d was calculated as
a difference between the path coefficients without moderator and the batch shop’s path
coefficients. The batch shop had a positive moderating effect on the interaction between the lean
tools and the satisfaction with the lean program for Andon (AND), 5S’s (FIVES), Jidoka (JID),
Just in Time (JIT), Muda Elimination (MUDA), Poke-Yoke (PYOKE), Total Productive
Maintenance (TPM) and Workers Involvement (WINV).
The path coefficients between the lean tools and managers’ satisfaction with the lean
program in the assembly line setting described the effect of the lean tools on the satisfaction with
the lean program for the assembly line manufacturing settings. The path coefficient d was
calculated as a difference between the path coefficients without moderator and the path
coefficients for assembly line manufacturing setting. The assembly line manufacturing setting
had a positive moderating effect on the interaction between the lean tools and the satisfaction
with the lean program for Andon (AND), Continuous Flow (CONTFL), 5S’s (FIVES), Just in
Time (JIT), Kaizen (KAIZ), Standardized Work (STANDW), and Teams (TEAM).
Moreover, the moderating effect was assessed by “comparing the proportion of variance
explained (as expressed by the determination coefficient R2) of the main effect model (i. e. the
model without moderating effect) with the R2 of the full model (i. e. the model including the
moderating effect”; Henseler & Fassott, 2010, p. 732; See Table 38). “R² values of 0.75, 0.50, or
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0.25 for endogenous latent variables in the structural model can, as a rule of thumb, be described
as substantial, moderate, or weak, respectively” (Hair et al., 2011, p. 145). In addition, as
Henseler and Fassott (2010) recommended, the effect size f2 was calculated with the formula f=
(R2 [model with moderator] - R2 [model without moderator])/ (1- R2 [model with moderator]).
“Moderating effects with effect sizes f 2 of 0.02 may be regarded as weak, effect sizes from 0.15
as moderate, and effect sizes above 0.35 as strong” (Henseler et al., 2009).
Table 38
Moderating Effect of Manufacturing Category on Perceived Operational Performance

OPPERF All
OPPERF Job shop
OPPERF Batch Shop
OPPERF Assembly Line

R Square
0.714686*
0.904364**
0.697727*
0.775719**

f2

Moderating effect

1.98
-0.056
0.272

Very strong
Negative
Moderate

R square: *moderate, ** substantial

In the main model describing the relationship between the lean tools and the perceived
operational performance, R2 equals 0.71 (moderate), which means that the lean tools explain
71% of the variance in the perceived operations performance. On the other hand, after examining
the relationships between the lean tools and the perceived operational performance in the
different manufacturing categories, R2 increased to 0.90 (substantial) for a job shop, indicating
positive moderating effect; decreased to 0.69 (moderate) for a batch shop, indicating a negative
moderating effect; and increased to 0.78 (substantial) for an assembly line, indicating a positive
moderating effect. In addition, as recommended by as Henseler and Fassott (2010), the effect
size f 2 was calculated, resulting in 1.98 (very strong moderating effect) for job shop,
-0.056 (negative moderating effect) for batch shop, and 0.272 (moderate moderating effect) for
an assembly line.
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There is a moderating effect of the different manufacturing settings on the relationship
between the lean tools and perceived operational performance. The perceived operational
performance depends on different lean tools for a job shop, batch shop, and an assembly line. R2
for the job shop is 0.90 (substantial), which means that 90% of the variance in the operational
performance is explained by the job shop lean tools. R2 for the batch shop is 0.70 (moderate),
which means that 70% of the variance in the perceived operational performance is explained by
the batch shop lean tools. R2 for the assembly line is 0.78 (substantial), which means that 78% of
the variance in the perceived operational performance is explained by the assembly line lean
tools.
Table 39
Moderating Effect of Manufacturing Category on Satisfaction with the Lean Program

SATISF All
SATISF Job shop
SATISF Batch Shop
SATISF Assembly Line

R Square
0.575291*
0.695129*
0.659987*
0.638079*

F2

Moderating effect

0.393
0.249
0.173

Strong
Moderate
Moderate

R square: * moderate

In the main model of the relationship of lean tools and satisfaction with the lean program,
R2 equals 0.58 (moderate), which means that the lean tools explain 58% of the variance in the
satisfaction with the lean program (See Table 39). On the other hand, after examining the
relationships between the lean tools and the satisfaction with the lean program in the different
manufacturing settings, R2 increased from 0.58 to 0.70 (moderate) for a job shop, indicating
positive moderating effect; increased from 0.58 to 0.66 (moderate) for a batch shop; and
increased from 0.58 to 0.64 (moderate) for an assembly line, indicating a positive moderating
effect. In addition, as recommended by Henseler and Fassott (2010), the effect size f2 was
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calculated, resulting in 0.39 (strong moderating effect) for a job shop, 0.25 (moderate moderating
effect) for a batch shop, and 0.272 (moderate moderating effect) for an assembly line.
There is a moderating effect of the different manufacturing settings on the relationship
between the lean tools and the satisfaction with the lean program. The satisfaction with the lean
program depends on different lean tools for a job shop, a batch shop, and an assembly line. R2
for the job shop is 0.70 (moderate), which means that 70% of the variance in the satisfaction with
the lean program is explained the job shop lean tools. R2 for the batch shop is 0.66 (moderate),
which means that 66% of the variance in the satisfaction with the lean program is explained by
the batch shop lean tools. R2 for the assembly line is 0.64 (moderate), which means that 64% of
the variance in the satisfaction with the lean program is explained by the assembly line lean
tools.
The moderating effect of the manufacturing category on the relationship of lean tools –
perceived operational performance suggests that the lean performance depends on different lean
tools for a job shop, a batch shop, and an assembly line.
H2(Null): The type of manufacturing setting will not have significant moderating effect
on the relationship between the lean tools and the operational performance as perceived
by the respondents.
The job shop manufacturing setting is a very strong moderator (f2= 1.92) on the
relationship: lean tools – perceived operational performance. The R2 for the job shop is 0.90,
which means that 90% of the variance in the perceived operational performance depends on the
job shop lean tools. The statistical analysis provided support for rejecting the null Hypothesis 2
for job shop manufacturing settings. The lean tools affecting the perceived operational
performance of the firm in job shop manufacturing settings are (a) Workers Involvement
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(WINV), (b) Muda Elimination (MUDA), (c) Negative Quick Set Up (QSETUP), (d) Heijunka
(HEIJ) and (e) Value Stream Mapping (VSM).
Batch shop manufacturing setting is a negative moderator (f2= -0.056) on the
relationship: lean tools – perceived operational performance. R2 for the batch shop is 0.70,
which means that 70% of the variance in the perceived operational performance depends on the
batch shop lean tools. The statistical analysis provides support for accepting Hypothesis 2 for
batch shop manufacturing settings. The lean tools affecting the perceived operational
performance in a Batch shop-manufacturing setting are (a) Workers Involvement, (b) Muda
Elimination (MUDA), (c) Negative Standardized Work (STANDW), and (d) Quick Set Up
(QSETUP).
Assembly line manufacturing category is a moderate moderator (f2= 0.27) on the
relationship: lean tools – perceived operational performance. R2 for the assembly line is 0.78,
which means that 78% of the variance in the perceived operational performance is explained by
the assembly line lean tools. The statistical analysis provides support for rejecting Hypothesis 2c
for assembly line manufacturing settings. The lean tools affecting the perceived operational
performance in assembly line-manufacturing settings are (a) Standardized Work (STANDW), (b)
Value Stream Mapping (VSM), (c) 5S’s (FIVES), (d) Muda Elimination (MUDA) and (e)
Workers Involvement (WINV).
H3(Null): The type of manufacturing setting will not have significant moderating effect
on the relationship between the lean tools and managers’ satisfaction with the lean
program, as perceived by the respondents.
The job shop is a strong moderator (f=0.39) on the relationship with lean tools –
satisfaction with the lean program. The R2 for the job shop is 0.70 (moderate), which means that
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70% of the variance in the satisfaction with the lean program is explained by the job shop lean
tools. The statistical analysis provides support for rejecting Hypothesis 3 for job shop
manufacturing settings. The only lean tool affecting the satisfaction with lean program in job
shop manufacturing settings is Heijunka (HEIJ). This suggests for example, that if job shops are
concerned with the satisfaction with the lean program, the most important lean tool is Heijunka

(HEIJ).
The batch shop is a moderate moderator (f=0.25) on the relationship lean tools –
satisfaction with the lean program. The R2 for the batch shop is 0.66 (moderate), which means
that 66% of the variance in the satisfaction with the lean program is explained by the batch shop
lean tools. The statistical analysis provides support for rejecting Hypothesis 3 for batch shop
manufacturing settings. The lean tool affecting the satisfaction with lean program in batch shopmanufacturing settings is Workers Involvement (WINV), while Continuous Flow (CONTFL) is
negatively affecting the satisfaction. This suggests for example, that if batch shops are concerned
with the satisfaction with the lean program, the most important lean tools are Workers Involvement
(WINV) and negative Continuous Flow (CONTFL).

The assembly line is a moderate moderator (f= 0.17) on the relationship lean tools –
satisfaction with the lean program. The R2 for the assembly line-manufacturing setting is 0.64
(moderate), which means that 64% of the variance in the satisfaction with the lean program is
explained by the assembly line lean tools. The statistical analysis provides support for rejecting
Hypothesis 3 for assembly line manufacturing settings. The only lean tool significantly affecting
the satisfaction with lean program in the assembly line manufacturing settings is Continuous
Flow (CONTFL). This suggests for example, that if assembly lines are concerned with the
satisfaction with the lean program, the most important lean tool is Continuous Flow (CONTFL).
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Chapter Summary
This chapter reported the response rate for both groups of lean professionals: the Lean
Enterprise Institute and the Continuous Improvement, Six Sigma, and Lean Group. In addition,
this chapter provided the demographic characteristics of the survey respondents. Validity of the
measurement instrument was estimated through exploratory factor analysis, which defines sets of
highly correlated factors. The variance of the data was explained through twelve factors. In
addition, the convergent and discriminant validity were estimated through confirmatory factor
analysis. Reliability was established by calculating a Cronbach alpha coefficients and composite
reliability coefficients. Discriminant analysis was used to test Hypothesis 1 resulting in rejecting
the null hypothesis for Just in Time (JIT), Heijunka (HEIJ), Jidoka (JID), Poke-Yoke (PYOKE),
Andon (AND), Standardized Work (STANDW), Visual Management (VISM), Kaizen (KAIZ),
and Teams (TEAM). In addition, two discriminate functions were identified. A PLS method was
used for testing Hypotheses 2 and 3. Hypothesis 2 was rejected for job shop and assembly line
settings, while it was accepted for batch shop settings. Hypothesis 3 was rejected for job shop,
batch shop, and assembly line settings. The findings and implications will be discussed in the
next chapter.
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Chapter 5: Discussion, Conclusions, and Implications
Based on the results reported earlier, this chapter presents the findings, discusses their
applications in the real world settings, and proposes conclusions relevant to the overall effort.
The final section identifies the study limitations and provides suggestions for future research.
The previous chapter provided evidence that job shop, batch shop, and assembly line
settings have different levels of utilization for each of the sixteen lean tools. In addition, the
perceived operational performance of firms with job shop, batch shop, and assembly line settings
is associated with different lean tools for the three manufacturing settings. Furthermore, the
managers’ satisfaction with the lean program is related to different lean tools for job shop, batch
shop, and assembly line settings. This study revealed that the type of manufacturing setting
moderates the relationships between the lean tools and the perceived operational performance of
the firms as well as the relationships between the lean tools and the managers’ satisfaction with
the lean program. A summary of the findings is provided under each of the following headings.
Discussion of Findings and Conclusions
Research Question 1, “Are the sixteen lean tools perceived by respondents to be equally
utilized in job shop, batch shop, and assembly line manufacturing settings?” was addressed by
testing Hypothesis 1.
The null Hypothesis 1 was rejected for each of the following lean tools: Just in Time
(JIT), Heijunka (HEIJ), Jidoka (JID), Poke Yoke (PYOKE), Andon (AND), Standardized Work
(STANDW), Visual Management (VISM), Kaizen (KAIZ), and Teams (TEAM), which have
significantly different means of utilization in the three manufacturing settings. When examined
more closely, the results revealed that there was no significant difference between two of the
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manufacturing settings groups, the job shop and batch shop groups, which is not surprising
because Hayes and Wheelwright (1984) described the batch shop as a standardized job shop with
a stable line of products. To explore the differences in the level of utilization of each lean tool in
all three manufacturing settings, a discriminant analysis procedure was used. The discriminant
analysis identified two statistically significant discriminant functions with acceptable crossvalidated classification accuracy rates. Both functions were calculated based on the utilization
ratings for Heijunka (HEIJ), Just in Time (JIT), and Kaizen (KAIZ). The discriminant analysis
was based on Mahalanobis D2, which is the minimum squared distance. Both functions
discriminated between all three groups: job shop, batch shop, and assembly line. The
discriminant functions revealed that a significant relationship exists among the three groups. The
lean tools that produced the greatest differences among the settings are Heijunka (HEIJ), Just in
Time (JIT), and Kaizen (KAIZ).
Since the Five S’s (FIVES) is typically the first tool implemented when the lean
transformation begins (Dennis, 2007), it was expected that the level of utilization of the Five S’s
(FIVES) would be the same in the three manufacturing settings. In addition, it was expected that
the level of utilization of Visual Management (VISM) would be the same in the three
manufacturing settings, because Visual Management (VISM) refers to creating a self-directing,
self-explaining, and self-improving workplace (Hogan 2009). Since Kaizen (KAIZ) is defined as
the employees’ contribution to the company development by providing Muda-eliminating
suggestions (Boyer 1996), it was expected that the level of utilization of Kaizen (KAIZ) would
be the same in all three manufacturing settings.
This study revealed that there was a statistically significant difference in the levels of
utilization of Visual Management (VISM) in a batch shop-assembly line group and in a job shop-
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assembly line group. In addition, there was a statistically significant difference in the level of
utilization of the Five S’s (FIVES) and Kaizen (KAIZ) in the job shop-assembly line group. This
result is of particular interest, because based on the concepts behind these three lean tools, they
would appear to be equally applicable to all three manufacturing settings.
Another interesting finding was that the Quick Set Up (QSETUP) and Standardized Work
(STANDW) tools are not used at all in the three manufacturing settings (M 3, µ3). The use of
Standardized Work (STANDW) was expected to be low in a job shop environment because of
the high variety products (each job is different, and production approaches cannot be
standardized; Pepper and Spedding, 2010), moderate in a batch shop, and high in an assembly
line environment. It was surprising that the assembly line manufacturing setting used
Standardized Work (STANDW) even less than the job shop and batch shop settings, because
very good performance is achieved through implementing lean in high volume/low variety
situations (Jina et al., 1997) such as an assembly line setting. Standardized Work (STANDW) is
the foundation of lean manufacturing (Whitmore, 2008) and provides a base for improvement
(Dennis, 2007). If Standardized Work (STANDW) was not being used, what then would be the
basis for process improvements, which the companies must continue to pursue? The level of
utilization of Quick Set Up (QSETUP) was expected to be high in a job shop and lower in a
batch shop and an assembly line. According to Hayes and Wheelwright (1984), the set-ups in a
job shop environment are frequent, in a batch shop less frequent, and in an assembly line far less
frequent. The use of Quick Set Up (QSETUP) in a job shop manufacturing settings should be
investigated further.
The data analysis revealed that Total Productive Maintenance (TPM), Workers
Involvement (WINV), Value Stream Mapping (VSM), and Muda Elimination (MUDA) are
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almost equally utilized in all three manufacturing settings. It was expected that Total Productive
Maintenance (TPM) and Workers Involvement (WINV) would be equally utilized. Total
Productive Maintenance (TPM) refers to preventive maintenance work involving everyone
working on the shop floor (Dennis, 2007) in order to achieve reliable equipment with longer life
(Kilpatrick, 2003), while the Workers Involvement (WINV) is the extent to which employees are
motivated to participate in continuous improvement and problem-solving activities (Bodek,
2010; Fullerton and Wempe, 2008). On the other hand, it was expected that Value Stream
Mapping (VSM) would be implemented at a low level in a job shop setting, moderate in a batch
shop setting, and high in an assembly line setting. With the high variety of products in a job shop
environment, the use of Value Stream Mapping (VSM) would not be justified. Muda Elimination
(MUDA) was expected to be used at a high level in an assembly line, medium in a batch shop,
and low in a job shop. Some of the eight identified types of Muda are characteristics of the job
shop and batch shop processes (Susman and Chase, 1986). The use of VSM and MUDA in all
three manufacturing settings should be investigated further.
Research Question 2, “Is there a relationship between the operational performance of the
firm as perceived by the respondents and the perceived alignment of the lean tools with the type
of manufacturing setting?” was addressed by testing Hypotheses 2.
The results suggested that the perceived operational performance of the job shops is
predicted by the implementation of Muda Elimination (MUDA), Workers Involvement (WINV),
and negative Quick Set Up (QSETUP). The Quick Set Up (QSETUP) is the only lean tool with a
significant negative path coefficient. Why the path coefficient of Quick Set Up (QSETUP)perceived operational performance of the firm is negative, when, according Hayes and
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Wheelwright (1984), the set ups in a job shop environment are frequent, appears to need further
investigation.
Heijunka (HEDJ) and Value Stream Mapping (VSM) must be taken into account because
their T-scores are very close to the .05 level of significance. Based on a positive path coefficient
and T-scores, a ranking of the lean tools on which the perceived operational performance of job
shop firm depends is displayed in Table 40.
Table 40
Job Shop Perceived Operational Performance
Operational Performance
Job shop path coefficient

T Statistics

Ranking

Workers Involvement (WINV)

0.522829***

3.496109

1

Muda Elimination (MUDA)

0.236774**

2.173435

2

Quick Set Up (QSETUP)

-0.238181*

1.902134

3

Heijunka (HEDJ)

0.108583

1.611218

4

Value Stream Management (VSM)

0.196648

1.581094

5

Visual Management (VISM)

0.105979

0.95857

6

Standardized Work (STANDW)

0.072864

0.701521

7

Just in Time (JIT)

0.070653

0.690563

8

Total Productive Maintenance (TPM)

0.026824

0.200703

9

*Significant at p ≤0.1
**Significant at p ≤0.05
*** Significant at p ≤0.01

The results obtained from this study suggest that the perceived operational performance
of the batch shop is impacted most strongly by the implementation of Muda Elimination
(MUDA), and Workers’ Involvement (WINV) and negatively correlated with Standardized Work
(STANDW). In addition, Quick Set Up (QSETUP) must be considered as a lean tool for
improving the operational performance of the firm, because the result is only slightly outside the
.05 level selected for significance. Based on a positive path coefficient and T-statistics, a ranking
of the lean tools on which the perceived operational performance of a batch shop is impacted is
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displayed in Table 41. The Standardized Work (STANDW) was the only lean tool with a
statistically significant negative path coefficient. The negative path coefficient of Standardized
Work (STANDW)-perceived operational performance of the Batch shop firms needs to be
investigated further.
Table 41
Batch Shop Perceived Operational Performance
OPPERF
Batch Shop
path coefficient

T Statistics

Standardized Work (STANDW)

-0.397256***

2.667475

1

Workers Involvement (WINV)

0.434641***

2.582732

2

Muda Elimination (MUDA)

0.304932**

2.120111

3

Quick Set Up (QSETUP)

0.197955

1.466122

4

Total Productive Maintenance (TPM)

0.142351

1.162062

5

Value Stream Mapping (VSM)

0.152615

1.12059

6

Heijunka (HEIJ)

0.097016

0.571843

7

Kaizen (KAIZ)

0.030675

0.232004

8

Visual Management (VISM)

0.031291

0.20068

9

Continuous Flow (CONTFL)

0.018096

0.135708

10

Ranking

*Significant at p ≤0.1
**Significant at p ≤0.05
*** Significant at p ≤0.01

The results suggest that the perceived operational performance of the firms using the
assembly line manufacturing setting depended on the implementation of Standardized Work
(STANDW) and Value Stream Mapping (VSM). In addition, Five S’s (FIVES), Muda
Elimination (MUDA) and Workers’ Involvement (WINV) must be considered because their path
coefficients are very close to the .05 level of significance. Based on a positive path coefficient
and T-statistics, a ranking of the lean tools on which the perceived operational performance of a
firm employing an assembly line setting is displayed in Table 42. Despite a result that suggests
that the assembly line firms do not use Standardized Work (STANDW), it is the most important
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lean tool on which the perceived operational performance of firms depends. The primary purpose
of standardization is to provide a base for improvement; this is based on the belief that there is no
one best way to do the work, and the employees doing the work are able to create the best work
design (Dennis, 2007). Moreover, standardization is constantly changing because of the
implementation of process improvements being made to address Muda elimination (Dennis,
2007).
Table 42
Assembly Line Perceived Operational Performance
OPPERF
Assembly Line
Path Coefficient

T Statistics

Standardized Work (STANDW)

0.319406**

2.465131

1

Value Stream Mapping (VSM)

0.226371*

1.821356

2

Five S’s (FIVES)

0.336747

1.638077

3

Workers Involvement (WINV)

0.286799

1.544459

4

Muda Elimination(MUDA)

0.189797

1.481658

5

Just in Time (JIT)

0.164352

1.002056

6

Jidoka (JID)

0.103077

0.894746

7

Kaizen (KAIZ)

0.117436

0.728235

8

Heijunka (HEIJ)

0.095864

0.718843

9

Andon (AND)

0.110906

0.670141

10

Total Productive Maintenance (TPM)

0.046393

0.324893

11

Ranking

*Significant at p ≤0.1
**Significant at p ≤0.05
*** Significant at p ≤0.01

Based on the perceptions of the respondents, there was a significant relationship between
the perceived operational performance of the firm and the utilization of the lean tools within each
manufacturing setting. The operational performance of firms depends on the use of different lean
tools in the three different manufacturing settings.
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Research Question 3 (“Is there a relationship between the reported managers’ satisfaction
with the lean program and the perceived alignment of the lean tools with the type of
manufacturing setting?”) was addressed by testing Hypothesis 3. The results of the statistical
analysis in Chapter 4 provided support for rejecting the null Hypothesis 3 for job shop, batch
shop, and assembly line settings. The only lean tool significantly affecting the managers’
satisfaction with the lean program in a Job shop manufacturing setting is Heijunka (HEIJ). Based
on a positive path coefficient and T-statistics, the ranking of the lean tools on which the
managers’ satisfaction with the lean program in a job shop setting depends is displayed in Table
43.
Table 43
Job Shop Managers’ Satisfaction with the Lean Program

Heijunka (HEDJ)
Kaizen (KAIZ)
Teams (TEAM)
Muda Elimination (MUDA)
Value Stream Mapping (VSM)
Visual Management (VISM)
Just in Time (JIT)
Continuous Flow (CONTFL)

SATISF
0.2293*
0.292192
0.231816
0.16382
0.165677
0.120196
0.041305
0.004565

T Statistics Job Shop
1.757913
1.285892
0.915596
0.80512
0.715301
0.575314
0.247616
0.029998

Ranking
1
2
3
4
5
6
7
8

*Significant at p ≤0.1
**Significant at p ≤0.05
*** Significant at p ≤0.01

The lean tools affecting the managers’ satisfaction with the overall lean program in a
batch shop-manufacturing setting are Workers Involvement (WINV) and Continuous Flow
(CONTFL); it is interesting why the latter is negatively related to the managers’ satisfaction with
the lean program. Based on a positive path coefficient and T-statistics, ranking of the lean tools
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on which managers’ satisfaction with the lean program in a batch shop setting depends is
displayed in Table 44.
Table 44
Batch Shop Managers’ Satisfaction with the Lean Program
SATISF

T Statistics Batch
Shop

Ranking

Workers’ Involvement (WINV)

0.357362*

1.880079

1

Continuous Flow (CONTFL)

-0.22157*

1.748651

2

Visual Management (VISM)

0.245837

1.389948

3

Judoka (JID)

0.131883

1.212365

4

Muda Elimination (MUDA)

0.151184

1.108891

5

Poke Yoke (PYOKE)

0.129553

0.990006

6

Total Productive Maintenance (TPM)

0.136204

0.936075

7

Just in Time (JIT)

0.107736

0.882324

8

Value Stream Mapping (VSM)

0.081616

0.488922

9

Five S’s (FIVES)

0.032057

0.180606

10

Heijunka (HEIJ)

0.013638

0.118586

11

*Significant at p ≤0.1
**Significant at p ≤0.05
*** Significant at p ≤0.01

The only lean tool significantly affecting the managers’ satisfaction with a lean program
in an assembly line manufacturing settings was Continuous Flow (CONTFL). Based on a
positive path coefficient and significance, the ranking for the lean tools on which the managers’
satisfaction with the lean program in an assembly line setting depends is displayed in Table 45.
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Table 45
Assembly Line Managers’ Satisfaction with the Lean Program

SATISF

T Statistics
Assembly Line

Ranking

Continuous Flow (CONTFL)

0.385634**

2.423373

1

Just in Time (JIT)

0.297097

1.315472

2

Teams (TEAM)

0.290601

1.080544

3

Andon (AND)

0.106164

0.638687

4

Visual Management (VISM)

0.096473

0.540956

5

Standardized Work (STANDW)

0.094812

0.528993

6

Kaizen (KAIZ)

0.106431

0.484066

7

Five S’s (FIVES)

0.061629

0.351637

8

Total Productive Maintenance (TPM)

0.035803

0.188153

9

Value Stream Mapping (VSM)

0.014255

0.089012

10

*Significant at p ≤0.1
**Significant at p ≤0.05
*** Significant at p ≤0.01

Consequently, there was a statistically significant relationship between the managers’
satisfaction with the lean program as perceived by the respondents and the perceived alignment
of the lean tools with the type of manufacturing setting. The level of the managers’ satisfaction
with the lean program was affected by different lean tools for the three manufacturing settings.
Implications
No study comparing the level of application of the sixteen lean tools to the three
manufacturing settings—a job shop, a batch shop, and an assembly line—could be found.
Moreover, no previous research could be found which explored whether the lean tools affect the
operational performance of firms that employ these settings and the managers’ satisfaction with
the lean program for the three manufacturing settings. The first contribution of this study was to
confirm that the lean success trajectory is a difficult path because of the uniqueness of each lean
implementation (Lewis, 2000).
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The second contribution of this study was in testing the moderating effect of the three
types of manufacturing settings on the relationship between the levels of utilization of the sixteen
lean tools and the performance of the firm based on the perceptions of the respondents. This
study provided empirical evidence that the perceived operational performance of the firm
depends on the use of different lean tools in each of the three manufacturing settings. In addition,
this study identified the lean tools on which the perceived operational performance of a job shop,
a batch shop, or an assembly line was most likely impacted.
The third contribution of this study is testing the moderating effect of the three types of
manufacturing settings on the relationship between the levels of use of the sixteen lean tools and
the managers’ satisfaction with the lean program. Based on the results, the perception of the
respondents’ satisfaction with the lean program is correlated to different lean tools in job shop,
batch shop, and assembly line manufacturing settings. Furthermore, this research identified the
lean tools on which the managers’ satisfaction with the lean program in a job shop, a batch shop,
or an assembly line firm depends.
The fourth contribution of this study was the development of 11 scales measuring the
level of implementation of Heijunka (HEIJ), Jidoka (JID), Poke- Yoke (PYOKE), Andon (AND),
Standardized Work (STANDW), 5S (FIVES), Visual Management (VISM), Kaizen (KAIZ),
Teams (TEAM), Value Stream Mapping (VSM), and Muda Elimination (MUDA) lean tools. The
scales were tested through a Q-sort pilot test and empirical data analysis, which provided strong
evidence of construct validity.
This study provided many valuable insights that, when considered, could likely help
practitioners successfully implement lean manufacturing principles in their job shop, batch shop,
or assembly line manufacturing operations. This study confirmed that the level of utilization of
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the different lean tools within the different categories of manufacturing settings is crucial for a
successful lean implementation (Corbett, 2007).
The findings revealed that the perceived operational performance in a job shop setting
would likely depend on the implementation of Workers Involvement (WINV), Muda Elimination
(MUDA), Heijunka (HEIJ), and Value Stream Mapping (VSM) lean tools. The results suggest
that those job shops looking to improve the operational performance of the firm need to
emphasize the implementation of these four lean tools. In addition, the data analysis revealed that
the managers’ satisfaction with the lean program as perceived by the respondents depends on the
implementation of Heijunka (HEIJ) in the job shop firms. Consequently, job shops concerned
with the managers’ satisfaction with the lean program need to emphasize the implementation of
the Heijunka (HEIJ) lean tool.
The findings revealed, as well, that the perceived operational performance of batch shop
firms depend on the implementation of Workers Involvement (WINV), Muda Elimination
(MUDA), Quick Set Up (QSETUP), and Total Productive Maintenance (TPM) lean tools. The
results suggested that batch shop firms looking to improve their operational performance need to
emphasize the implementation of these four lean tools. In addition, the analysis revealed that the
managers’ satisfaction with the lean program depends on the implementation of Workers
Involvement (WINV), Visual Management (WINV), Jidoka (JID), and Muda Elimination
(MUDA) lean tools in batch shop firms. Consequently, batch shops firms concerned with the
managers’ satisfaction with the lean program need to emphasize the implementation of Workers
Involvement (WINV), Visual Management (WINV), Jidoka (JID), and Muda Elimination
(MUDA) lean tools.
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Third, the findings revealed that the perceived operational performance of the firms using
an assembly line setting depends on the implementation of Standardized Work (STANDW),
Value Stream Mapping (VSM), Five S’s (FIVES), Workers Involvement (WINV), and Muda
Elimination (MUDA). The results suggested that in order to improve their operational
performance, firms with assembly line settings need to emphasize the implementation of these
five lean tools. In addition, the data analysis revealed that the managers’ satisfaction with the
lean program depends on the implementation of Continuous Flow (CONTFL) and Just in Time
(JIT) lean tools in an Assembly line setting.
Fourth, the managers should know that the Workers Involvement (WINV) tool is a key
factor on which the operational performance in all three manufacturing settings depends. This
study highlighted the importance of Workers Involvement (WINV) confirming that the root of
the Toyota way is encouraging people continuously to improve the process they work on, saying
“It’s the people who bring the system to life: working, communicating, resolving issues, and
growing together” (Liker 2004, p. 36).
Limitations and Future Research
There are several limitations in this research study. The first limitation involves the
sample; the population of this study included lean managers in U.S. companies, and the results
may differ if the population were not limited to the US. There is a need to replicate this study
with an extended sample including manufacturing managers from other countries.
The second limitation is that this study examined the level of utilization of the lean tools
based on the perception of the respondents. An extension of this study could be to measure the
level of utilization of the lean tools based on actual events and observations. The third limitation
of this survey research is that it captures a fleeting moment in time and relies on self-reported
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data (Leedy & Ormrod, 2005). Moreover, the personal biases of the respondents cannot be
controlled. In addition, when using an online survey, there is a possibility of sampling bias issues
(Selm & Jankowski, 2006).
The results of the analysis revealed that the Standardized Work (STANDW) lean tool is
not used at all in job shop, batch shop, and assembly line manufacturing settings. Standardized
Work (STANDW) is the foundation of lean manufacturing (Whitmore, 2008). Further research
should investigate which are the lean tools that manufacturers may use as a basis for
improvement during the Kaizen events.
Future research should examine the reason why Value Stream Mapping (VSM) and Muda
Elimination (MUDA) are almost equally implemented in all three manufacturing settings. In
addition, an extension of this study would determine if the perceived operational performance of
the firm was a mediator of the relationships between the job shop lean tools and the managers’
satisfaction with the lean program. A future study should examine why Visual Management
(VISM), Five S’s (FIVES), and Kaizen (KAIZ) are implemented at different levels within job
shop and assembly line settings, when these concepts seem to be equally applicable to both types
of settings.
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Appendix A: Items entering the first round of Q sorting
External JIT
We use JIT purchasing.
We do not produce something, unless the customer has order it.
We link all processes to customer demand through Kanban.
Internal JIT
Production at stations is “pulled” by the current demand of the next station.
We use Kanban signals for production control.
We produce exactly as much pieces as needed.
Continuous Flow
Products are classified into groups with similar processing requirements.
Products are classified into groups with similar routing requirements.
Equipment is grouped to produce a continuous flow of families of products.
Families of products determine our factory layout.
Heijunka
Our production volume and mix is distributed evenly over time.
We do not have peaks and valleys in our production schedule.
We change our heijunka model dependent on the demand at least every few days.
We change our heijunka model dependent on the demand at least every few weeks.
We change our heijunka model dependent on the demand at least every few months.
Quick change over and set up
Our employees practice setups to reduce the time required.
We are working to lower setup times in our plant.
We have low setup times of equipment in our plant.
Jidoka
We detect process deviations with automated technology.
We detect quality deviations with automated technology.
Most inspections are done by automated technology.
Poke-Yoke
We have poke-yoke devices designed for our work place conditions.
We use simple, inexpensive error-proofing devices.
Our poke-yoke devices inspect 100% of the time.
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Andon
Everyone working on the production floor is able to stop the production line if defect is detected.
We have a device (cord or button) able to stop the production line if defect is detected.
Our employees stop the production line if defect is detected.
Standardized Work
Our work processes are standardized.
Our shop floor employees are responsible for the design of work process standards.
We use our standards as a base for improvement.
We change our work process standards every week.
We change our work process standards every month.
We change our work process standards every year.
5 S systems
We organize our work place with marked positions for each tool.
We have cleaning responsibility assigned to the team members.
We have cleaning schedule assigned to the team members.
We have standardized approach to measure the 5 s conditions.
5s is owned by the team members.
Our employees have 5s training.
TPM
We dedicate a portion of everyday to planned equipment maintenance related activities.
We maintain all our equipment regularly.
We maintain excellent records of all equipment maintenance related activities.
We post equipment maintenance records on shop floor for active sharing with employees.
Everyone on the shop floor participates in the TPM activities with performing basic tasks.
Visual Management
We use visual board to display value added information.
We use visual indicators, signs and controllers.
We use simple signals providing immediate understanding of situation.
Kaizen
Our employees have numbers of suggestions per month.
Our employees have numbers of suggestions per year.
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More than 70 percent of the employees’ suggestions are implemented.
We have significant savings/benefits from implemented suggestions.
We have Kaizen events.
Multifunctional Teams
Most of our shop-floor employees are working in multifunctional teams.
Our shop-floor employees are cross-trained.
Our shop-floor employees change tasks within the team every four hours.
Our shop-floor employees change tasks within the team every day.
Our shop-floor employees change tasks within the team once per week.
Workers involvement
Our shop-floor employees are key to problem solving.
Our shop-floor employees drive suggestion programs.
Our shop-floor employees lead product/process improvement efforts.
Our shop-floor employees perform supervisory tasks.
Team leadership rotates among the shop-floor employees.
Value Stream Mapping
We use value stream mapping to eliminate Muda.
We use VSM to improve our business process.
We use VSM to improve our production flow.
We use VSM to improve our information flow.
Muda
We produce only what the customer requires.
We have minimal work in process inventory.
The scrap is counted and reported automatically.
We do not have a rework area.
We do not move parts between processes.
Our workers do not wait for materials or parts to arrive.
Our workers do not perform unnecessary motions.
We implement most of our workers suggestions.
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Appendix B: Q-Sort Results
Table 46: Items Placement Ratios: First Q-sort Round
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Table 47: Inter-Judge Raw Agreement Scores: First Q-sort Round
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Table 48: Items Placement Ratios: Second Q-sort Round
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Table 49: Inter-Judge Raw Agreement Scores: Second Q-sort Round
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Appendix C: Online Survey Instrument Used to Collect Data
Introductory Email:
Based on your extensive experience in manufacturing and your knowledge of lean systems, your
help is being solicited in an effort to better understand the utilization of the lean approach within
different types of manufacturing organizations. Specifically this study will attempt to identify the
best lean practices for job shops, batch shops, an assembly lines, and continuous flow
manufacturing settings. Please take up to fifteen minutes to complete the survey instrument that
can be accessed by the link below.
https://www.surveymonkey.com/s/KW8KPKT
As an incentive, all survey completers will be entered into a drawing where the winner will
receive $200 in cash. In addition, anyone who requests a summary report will be emailed a Word
file with a summary of the results of the survey.
If you have any questions, please email me at dtodorov@emich.edu
Thank you very much
Daniela Todorova
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Appendix E: PLS Cross Loadings

AND

CONTFL

FIVES

HEDJ

JID

JIT

KAIZ

MUDA

AND1

0.877223

0.306538

0.250120

0.302429

0.247855

0.353425

0.293445

0.236500

AND2

0.783636

0.281219

0.255299

0.368278

0.453693

0.287661

0.355324

0.204141

AND3

0.844223

0.255924

0.288230

0.291998

0.204252

0.389276

0.281870

0.171648

CONTFL1

0.288883

0.827008

0.293852

0.320930

0.276519

0.263117

0.279135

0.347802

CONTFL2

0.294617

0.906083

0.445102

0.397502

0.331487

0.440060

0.325587

0.410926

CONTFL3

0.263944

0.782387

0.312247

0.398557

0.254984

0.432314

0.305513

0.383965

FIVES1

0.246324

0.299225

0.906193

0.287756

0.256149

0.480731

0.461772

0.479482

FIVES3

0.327957

0.462661

0.913703

0.283766

0.298951

0.467167

0.515270

0.420968

HEDJ1

0.348749

0.460112

0.334134

0.893855

0.347834

0.500949

0.257096

0.268690

HEDJ2

0.307411

0.360250

0.233231

0.865183

0.370366

0.479805

0.229944

0.168396

HEDJ3

0.350595

0.310396

0.236651

0.878318

0.348520

0.486835

0.147497

0.171482

JID1

0.342363

0.352584

0.321133

0.387724

0.944465

0.372041

0.351060

0.280824

JID2

0.325616

0.322621

0.293783

0.371677

0.955204

0.343781

0.285415

0.249564

JID3

0.319594

0.256729

0.203339

0.345341

0.846036

0.327027

0.283290

0.271362

JIT1

0.297869

0.261971

0.311140

0.368314

0.320398

0.700581

0.212400

0.172469

JIT2

0.211445

0.084613

0.175192

0.240786

0.085138

0.697774

0.113200

0.153707

JIT3

0.327940

0.377662

0.452887

0.479580

0.409370

0.808582

0.370248

0.340435

JIT4

0.341963

0.396149

0.450690

0.402290

0.254498

0.815826

0.331575

0.389779

JIT5

0.383837

0.418945

0.450137

0.511733

0.377409

0.828956

0.424409

0.475747

JIT6

0.231806

0.333704

0.389725

0.415241

0.168128

0.707018

0.333361

0.311291

KAIZ1

0.292338

0.326946

0.477471

0.229991

0.314820

0.421303

0.887688

0.557881

KAIZ2

0.369957

0.321846

0.489722

0.214996

0.293832

0.345465

0.911967

0.464973

MUDA1

0.240658

0.395839

0.441090

0.197721

0.280334

0.415458

0.540810

0.965380

MUDA2

0.254317

0.471688

0.515670

0.259426

0.271417

0.426503

0.562250

0.958078

MUDA3

0.209714

0.436141

0.468100

0.234350

0.286783

0.427196

0.528011

0.966899

OPPERF1

0.287558

0.333052

0.469014

0.256988

0.289553

0.437423

0.525315

0.607534

OPPERF2

0.258178

0.416059

0.502902

0.310492

0.299705

0.439788

0.549851

0.687546

OPPERF3

0.330621

0.419019

0.571985

0.352296

0.330904

0.533536

0.614221

0.577070

PYOKE1

0.397667

0.383960

0.432820

0.421591

0.521191

0.497200

0.432255

0.311597
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PYOKE2

0.301203

0.366411

0.384353

0.321323

0.329606

0.409253

0.441704

0.307808

PYOKE3

0.359602

0.306848

0.347435

0.397382

0.433974

0.450724

0.313354

0.218115

QSETUP1 -0.398820 -0.442519 -0.534295 -0.351043 -0.371070 -0.520358 -0.412262 -0.335400
QSETUP2 -0.256181 -0.325886 -0.433824 -0.228426 -0.202230 -0.348760 -0.356691 -0.244705
QSETUP3 -0.247437 -0.441381 -0.427233 -0.344911 -0.314605 -0.485400 -0.348820 -0.349157
SATISF1

0.348065

0.429487

0.466171

0.390152

0.298404

0.442768

0.450073

0.445653

SATISF2

0.327913

0.458985

0.531214

0.353658

0.348966

0.529081

0.519305

0.472035

SATISF3

0.356863

0.462226

0.452761

0.261947

0.260819

0.481491

0.478233

0.465122

STANDW1 -0.284879 -0.361070 -0.487181 -0.391622 -0.429445 -0.513969 -0.305913 -0.316950
STANDW2 -0.294614 -0.316229 -0.433176 -0.295980 -0.373310 -0.424090 -0.355687 -0.372009
STANDW3 -0.308099 -0.390693 -0.431767 -0.341043 -0.334125 -0.413574 -0.368407 -0.311678
TEAM1

0.326571

0.371772

0.722641

0.271359

0.309290

0.439477

0.376568

0.448735

TEAM2

0.363562

0.413213

0.587652

0.362728

0.339294

0.509300

0.433946

0.391391

TEAM3

0.483962

0.357345

0.511569

0.412659

0.368707

0.550334

0.442308

0.409512

TPM1

0.379432

0.459233

0.499190

0.305069

0.261289

0.481034

0.441947

0.434776

TPM2

0.381879

0.440456

0.519373

0.387121

0.341412

0.517043

0.483418

0.392808

TPM3

0.325221

0.386724

0.544975

0.364606

0.341173

0.419024

0.511801

0.472110

VISM1

0.345598

0.426736

0.499723

0.286188

0.324225

0.450040

0.472791

0.478229

VISM2

0.409720

0.429597

0.518812

0.338521

0.380189

0.526947

0.499133

0.456478

VISM3

0.448448

0.344486

0.550590

0.320847

0.366506

0.446103

0.514567

0.420102

VSM1

0.271157

0.369176

0.369402

0.214367

0.209266

0.368173

0.463870

0.421437

VSM2

0.282864

0.400833

0.491550

0.298829

0.370175

0.493991

0.653193

0.590292

VSM3

0.279058

0.362305

0.368543

0.199527

0.274748

0.413471

0.525890

0.470742

WINV1

0.347919

0.283421

0.378258

0.168194

0.192401

0.374915

0.528762

0.499929

WINV2

0.359844

0.292833

0.516448

0.287932

0.346287

0.460343

0.589540

0.518796

WINV3

0.376732

0.276147

0.469233

0.253095

0.282138

0.456734

0.558311

0.468092

WINV4

0.272783

0.283767

0.417966

0.266189

0.252768

0.345259

0.377512

0.448630

WINV5

0.395880

0.418994

0.613820

0.293440

0.360588

0.508946

0.716103

0.516750
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PYOKE

QSETUP

STANDW

TEAM

TPM

VISM

VSM

WINV

AND1

0.292624 -0.305289 -0.293871 0.379998

0.333250

0.380359

0.299540

0.352147

AND2

0.367095 -0.281568 -0.272422 0.336071

0.306170

0.437257

0.201526

0.348708

AND3

0.371355 -0.351911 -0.294394 0.423760

0.389743

0.284999

0.289018

0.380367

CONTFL1

0.290477 -0.404125 -0.335922 0.352078

0.358036

0.319251

0.336455

0.287742

CONTFL2

0.418905 -0.475199 -0.392637 0.423485

0.493693

0.444117

0.387972

0.388683

CONTFL3

0.329144 -0.363262 -0.311617 0.330952

0.366453

0.333175

0.364586

0.277033

FIVES1

0.360375 -0.474565 -0.456957 0.591166

0.496883

0.495578

0.435217

0.500817

FIVES3

0.465152 -0.570266 -0.491110 0.675550

0.573203

0.543404

0.423914

0.572508

HEDJ1

0.394496 -0.380260 -0.343231 0.427658

0.423253

0.326605

0.291391

0.320707

HEDJ2

0.366013 -0.277384 -0.353154 0.281991

0.282470

0.252121

0.239218

0.224103

HEDJ3

0.402632 -0.324782 -0.357843 0.335639

0.313016

0.321829

0.172718

0.253591

JID1

0.507404 -0.367834 -0.459888 0.401361

0.385712

0.406436

0.323175

0.377987

JID2

0.452360 -0.362217 -0.376269 0.374355

0.315348

0.338259

0.300030

0.309827

JID3

0.395680 -0.258123 -0.348641 0.287593

0.251386

0.317259

0.284728

0.270430

JIT1

0.437205 -0.431339 -0.413236 0.337019

0.407347

0.306680

0.242692

0.275346

JIT2

0.143478 -0.154005 -0.165648 0.247403

0.155535

0.180093

0.266639

0.288625

JIT3

0.405741 -0.447820 -0.408960 0.460562

0.428946

0.434709

0.405690

0.387466

JIT4

0.452497 -0.494093 -0.461092 0.520987

0.421453

0.438820

0.403223

0.456728

JIT5

0.438743 -0.443693 -0.452068 0.509775

0.472889

0.465855

0.438017

0.438146

JIT6

0.393672 -0.428819 -0.338937 0.428898

0.421603

0.397324

0.371778

0.470496

KAIZ1

0.419088 -0.366730 -0.315858 0.389741

0.480938

0.518846

0.592501

0.572596

KAIZ2

0.420783 -0.456474 -0.398044 0.478947

0.492413

0.459672

0.547113

0.660642

MUDA1

0.303110 -0.353069 -0.354947 0.419911

0.447129

0.482576

0.542790

0.556550

MUDA2

0.349588 -0.396110 -0.413986 0.517166

0.505537

0.492467

0.575018

0.622129

MUDA3

0.296126 -0.349059 -0.339289 0.445547

0.457813

0.448641

0.525989

0.547177

PYOKE1

0.903696 -0.498908 -0.484098 0.555434

0.426619

0.558848

0.358435

0.448677

PYOKE2

0.852261 -0.452210 -0.412481 0.423006

0.352449

0.461666

0.359367

0.387255

PYOKE3

0.815502 -0.387120 -0.360492 0.402067

0.340048

0.489758

0.298940

0.389266

QSETUP1 -0.483508 0.882749

0.495763 -0.615604 -0.550003 -0.467103 -0.381388 -0.492697

QSETUP2 -0.314069 0.767795

0.339276 -0.403271 -0.455992 -0.404056 -0.397390 -0.406346

QSETUP3 -0.477036 0.782283

0.418504 -0.513065 -0.498788 -0.367977 -0.415618 -0.419483

STANDW1 -0.492403 0.462436

0.837218 -0.522242 -0.462500 -0.472436 -0.359791 -0.468059

STANDW2 -0.396267 0.382766

0.873734 -0.541028 -0.400754 -0.403112 -0.369347 -0.471119
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STANDW3 -0.389904 0.484786

0.876902 -0.515265 -0.440588 -0.451087 -0.443874 -0.436019

TEAM1

0.418295 -0.538236 -0.466603 0.774833

0.528258

0.446099

0.444933

0.587701

TEAM2

0.460735 -0.576378 -0.547214 0.911343

0.575539

0.457010

0.520854

0.603697

TEAM3

0.516745 -0.521448 -0.557404 0.895112

0.572855

0.469381

0.471237

0.615377

TPM1

0.355259 -0.568567 -0.428000 0.575732

0.874114

0.523880

0.449360

0.498340

TPM2

0.406840 -0.587782 -0.438882 0.582510

0.925897

0.469686

0.471253

0.518502

TPM3

0.397155 -0.478566 -0.472470 0.559684

0.849836

0.439562

0.487260

0.462375

VISM1

0.476431 -0.487809 -0.452439 0.471343

0.520703

0.905449

0.506402

0.441681

VISM2

0.557720 -0.466786 -0.458433 0.482844

0.482904

0.938092

0.475321

0.438450

VISM3

0.575922 -0.448277 -0.498948 0.500480

0.485002

0.901830

0.463152

0.496476

VSM1

0.276801 -0.462207 -0.339526 0.413435

0.392034

0.390638

0.826169

0.477126

VSM2

0.411433 -0.437938 -0.454757 0.545860

0.532878

0.514817

0.879980

0.604485

VSM3

0.343854 -0.389026 -0.395872 0.493477

0.457667

0.467868

0.927273

0.486018

WINV1

0.282805 -0.363375 -0.440415 0.523135

0.403049

0.349977

0.474146

0.813123

WINV2

0.402141 -0.484536 -0.464849 0.609785

0.488556

0.413816

0.491415

0.885455

WINV3

0.399753 -0.440779 -0.423358 0.601101

0.456220

0.425566

0.516370

0.862399

WINV4

0.359004 -0.350902 -0.336912 0.519052

0.374933

0.345047

0.381235

0.702961

WINV5

0.495262 -0.554988 -0.486744 0.599271

0.545089

0.502120

0.575701

0.839164

